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Abstract 
The Florida Everglades ecosystem is threatened by human development, increased 
pollution, freshwater scarcity, and invasive species; factors that have negatively impacted 
the Everglades and native species health and populations.  Man-made canals and levies 
have redirected the natural flow of fresh water from Lake Okeechobee into the Florida 
Everglades, starving central and south Florida ecosystems of necessary fresh water and 
nutrients.  Through the efforts of the Comprehensive Everglades Restoration Project 
(CERP), freshwater is being redirected back into central and south Florida, returning the 
sheet flow of water back into the Everglades.  Monitoring species abundance in the 
Everglades is a beneficial conservational tool for assessing restoration efforts from 
CERP.  As a semi-aquatic apex predator, river otters (Lontra canadensis) are a useful 
health bio-indicator for the Florida Everglades.  In order to conduct future population 
studies of river otters in the Florida Everglades, it must first be ascertained where they 
can be found and what time of year they are most likely to be sighted.  For this study, 
Moultrie infrared game cameras were used to photograph the presence or absence of river 
otters within the five main habitats in the Everglades; the pinelands, hardwood hammock, 
cypress swamp, marsh prairie, and mangrove estuary at two protected areas in the Florida 
Everglades (Big Cypress National Preserve and Fakahatchee Strand State Park).  River 
otters were most frequently sighted in the hardwood hammock habitat, but were also 
found in the cypress swamp.  The large majority of river otter sightings occurred during 
dry season, which is thought to be a function of restricted water availability and aquatic 
mobility.  Future population studies of river otters would be most productive in the 
hardwood hammock and cypress swamp habitats during dry season.  Game camera 
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images along with field opportunistic sightings, resulted in a variety of species 
documented.  This provided valuable information of species richness and distribution 
within and amongst the habitats.  The hardwood hammock was found to be the most 
species rich habitat, having over half the species observed in the study in this habitat.  
The Aves class was the most abundantly observed in the Everglades, and was most 
frequently sighted during the dry season.  As a refuge for migratory birds, the Everglades 
house the majority of bird species during the winter months, which occur during dry 
season.  The Aves class was most frequently sighted in the pinelands habitat during dry 
season.  This habitat, being the highest in elevation and therefore the driest, shows a 
stronger resemblance to most northern bird habitats then does the water-saturated 
wetlands found throughout the Everglades.  The mangrove estuary was the most 
commonly occurring outlier, having the least species overlap when compared to the other 
habitats.   All other habitats in the Everglades are freshwater wetlands, while the 
mangrove estuary is a brackish environment, which limits the species that are unable to 
tolerate saline conditions.  Further studies of species abundance throughout the 
Everglades will aid in monitoring CERP restoration efforts over time.  
 
 
 
 
 
Keywords: Big Cypress National Preserve, Fakahatchee Strand State Park, 
Comprehensive Everglades Restoration Project, pinelands, hardwood hammock, marsh 
prairie, cypress swamp, mangrove estuary, wet and dry season. 
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Chapter 1 Introduction:  The Florida Everglades Ecosystem 
1.1 Purpose of the Study 
1.1.1 River Otters as a Bio-indicator of Ecosystem Health  
The main objective of this study was to determine river otter habitat preference in 
the Florida Everglades, and in which season they are most likely to be found.  To date, no 
studies have been conducted on the overall population health of river otters in the 
Everglades.   The Florida Everglades ecosystem has undertaken significant damage from 
human related activities (Perry, 2004; Lodge, 2005; McCormick, 2009; DOD, 2011; 
CERP, 2014).   Due to this, both state and federal agencies have implemented the multi-
billion dollar Comprehensive Everglades Restoration Project (CERP) in an attempt to 
reverse some of these negative impacts and restore the natural flow of water through the 
Everglades.  This restoration project has made it a model for large-scale ecological 
restoration efforts worldwide (Lodge, 2005; McCormick et al., 2009).   As a semi-aquatic 
apex predator, river otters serve as a prime bio-indicator for wetland ecosystem health 
(Blundell et al., 2002; EPA. 2014).  Any changes to water quality and availability would 
be reflected by the overall health of this species.  Monitoring keystone species as bio-
indicators and overall species richness provides insight into the effects of the CERP, and 
the health of the Florida Everglades ecosystem as a whole (Stith, et al., 2004).   
Assessing species population health is a key conservation tool (Schmitt, et al., 2002).  In 
order to monitor river otter population health, one must first discover where the otters are 
most likely to be found.  Since occupancy is a function of abundance, for species that are 
difficult to capture for population models, it is important to gather information regarding 
species distribution by habitat (Thompson, 2004; O’Connell et al., 2010). 
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Though the Florida Everglades is a wetland environment, the habitats are all 
unique.   It is important to find what habitats are preferred by river otters and what time 
of year they are most likely to be observed in order to conduct any future population 
studies.   
1.1.2 Class/Species Assemblage of Vertebrates as a Function of Species Richness in 
the Five Dominant Habitats in the Everglades.   
A secondary objective of this study was to utilize all data obtained from game 
cameras for further analysis into vertebrate species richness in the different habitats of the 
Everglades.   Over the last four decades, species populations have been steadily declining 
due to habitat loss; with the implementation of conservation efforts, species populations 
improve and extinctions are prevented (Hoffman, et al., 2010). 
The Florida Everglades is characterized as having several distinct habitat types 
(Lodge, 2005; NPS/BCNP, 2014).  These dominant habitats are the pinelands, tropical 
hardwood hammock, marsh prairies, cypress swamp, and the mangrove estuaries (Lodge, 
2005; NPS/BCNP, 2014).   Each habitat is defined by elevation and therefore how much 
water is available. A very small difference in elevation can completely change the plant 
and animal life that inhabits it (Figure 1 a, b.).   
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Figure 1 (a).  Cross-section of the habitats in the Florida Everglades in relation to water-level and elevation 
changes.  * Image taken from Lodge, 2004.   
 
             
 
Figure 1 (b).  Cross-section of the Florida Everglades ecosystem in relation to elevation, seasonal water-
level changes, and vegetation.  *Image taken from NPS/BCNP “Big Cypress” pamphlet. 
 
 Seasonal changes affect species patterns due to habitat and food availability.   
Habitat water alteration is the greatest variable in seasonal changes in the Everglades. 
Aquatic and semi-aquatic animals become more widespread during the wet season.  This 
is due to increased water availability, and waterways that had been separated by land 
during the dry season becoming reconnected.  Land based animals on the other hand have 
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to find areas of high ground during wet season as their dry habitat access shrinks.  
Monitoring and recognizing species occurrence and abundance seasonally is of equal 
importance to that of habitat preferences.  In order to get an accurate idea of an 
ecosystems health and species richness, it is essential to also understand yearly patterns 
(O’Connell, et al., 2011).   
1.1.3 A Ten-Year Observational Database of River Otter Sightings in Fakahatchee 
Strand State Park (FSSP) to Determine Population Trends 
Due to the generosity of Fakahatchee Strand State Park (FSSP) Biologist, Mike 
Owen, I was provided with ten years of opportunistic river otter sighting data within the 
Park.  This facilitated my third study objective, using FSSP data to observe overall 
population trends of river otters on temporal and seasonal scales.   The Florida 
Everglades is characterized by two distinct seasons, wet and dry.  Animal distribution is 
widely affected by these seasons as land and water availability change.    
River otter populations are dangerously low in many states in the United States, 
and have been extirpated from others (Lariviere & Walton, 1999; Raesly, 2001; Ellis, 
2003; NMSC, 2014).  This has lead to extensive studies to better understand river otter 
ecology.  In order to begin restoration efforts into river otter populations, it is essential to 
first study their overall behavior, including predator and prey relationships, and habitat 
preferences and range.  Florida is one of the few states in the United States that has not 
conducted any population stability studies of river otters.  This is surprising since the 
geographical location of the majority of river otter attacks occur in Florida (Belanger et 
al., 2011).  River otters typically avoid humans, and human population expansions into 
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their habitat range can cause aggressive territorial behavior, and over time negatively 
impact otter populations (Belanger et al,. 2011).   
 The ten-year database of river otter opportunistic sightings in FSSP serves as an 
important baseline for river otter population studies in south Florida.  FSSP is a protected 
land area, and the animals that reside in it are generally unmolested by human activities 
(with the exception of animal mortalities in the form of road kill).  With little to no 
population data on Florida river otters, using this database to monitor population trends 
can lend important insight into natural population fluctuations in Florida.    
1.1.4 Questionnaires as a Tool to Document River Otter Range and Behavior in the 
Everglades 
 The final objective of this study was to use river otter questionnaires to provide 
insight into overall river otter range and behavior in BCNP and FSSP.  Survey 
questionnaires can provide insight into long-term correlations of animal behavior, which 
can be a helpful tool when looking into unknown river otter populations and patterns in 
the Florida Everglades (Tiira and Lohi, 2014).   
Questionnaires were distributed to personnel of FSSP and BCNP.  Not only was 
this a requirement of BCNP regulations, but it also insured a level of reliability that the 
participants were familiar with the area and the animals residing in it.  The Everglades is 
a popular tourist attraction, and questionnaires can become skewed if the participants are 
unacquainted with the area and may result in misinterpretation of the information they 
provide (Tiira and Lohi, 2014).    
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1.2  Background: The Everglades in Peril 
The Florida Everglades is a unique ecosystem that is gravely threatened. The 
Everglades receives its water through two sources, the atmosphere and overflow of Lake 
Okeechobee (Lodge, 2005).  Man-made barriers have cut off and redirected the majority 
of the overflow of Lake Okeechobee; this has starved the Everglades and central Florida 
of necessary water and nutrients (Lodge, 2005).   
Lake Okeechobee is fed by rainwater and discharge from the Kissimmee River, 
Fisheating Creek, Lake Isokpoga, Nubbin Slough, and Taylor Creek (Lodge, 2005).  
Okeechobee is the largest lake in the Southeastern United States with a surface area of 
1,175 square kilometers and an average diameter of forty-eight kilometers (Lodge, 2005; 
SFWMD, 2014).  Despite the large lake size, the water volume is disproportionally low 
because it is very shallow, having a mean depth of three meters (Lodge, 2005; SFWMD, 
2014).  The shallow nature of the lake produces overflow of fresh water into what has 
been termed “The River of Grass” (CET, 2014).  This slow moving river is ninety-seven 
kilometers wide and one hundred and sixty kilometers long and flows through a marsh 
prairie primarily composed of sawgrass (CST, 2014).  The water flows through the 
Everglades, eventually emptying into Florida Bay (the Gulf of Mexico) (Stith et al., 2004; 
Lodge, 2005).  Human development in south Florida has caused this sheet flow of water 
to be displaced by more than 2,735 kilometers of canals and levies (CERP, 2014).  The 
water is either diverted into the Gulf of Mexico, the Atlantic Ocean, or is irrigated into 
farm fields.  The cessation of this natural flow is depleting central and south Florida of 
necessary water and nutrients while simultaneously causing salinity increases in the 
estuarine ecosystems in southwest Florida, including the Ten Thousand Islands region.  
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The estuaries found throughout the Ten Thousand Islands are a large nursery ground; 
increasing salinity levels have caused wide spread mortality to fish and invertebrate 
larvae (Soderqvist & Patino, 2010).  Simultaneously, decreased salinity levels where the 
fresh water outflows into the Atlantic and Gulf of Mexico are also negatively impacting 
the coastal estuarine ecosystems (Bowen, 2011). 
1.3 The Comprehensive Everglades Restoration Project 
 The U.S. Army Corps of Engineers and the South Florida Water Management 
District have been working on a multi-billion dollar project called the Comprehensive 
Everglades Restoration Plan (CERP).   The main goal of CERP is to redirect the 1.7 
billion gallons of water a day that is currently being lost to the Atlantic and Gulf of 
Mexico, and return it to its previous natural path through central and south Florida 
(Figure 2) (DOD, 2011; CERP, 2014).  This is the largest environmental restoration plan 
in history.  It was first approved by Congress in 2000, and is projected for completion by 
2030. 
 
 
       Historical         Current           After CERP 
 
Figure 2. Freshwater flow in central and south Florida.  A comparison of historical natural flow of water to 
current flow and projected flow after completion of the Comprehensive Everglades Restoration Program.   
*Images taken from CERP, 2014 (http://www.evergladesplan.org/education/flowmaps.html). 
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 The restoration project will also positively impact current and future citizens of 
south Florida.  Floridians receive the majority of their fresh water from natural aquifers 
(Lodge, 2005).  The redirection of fresh water has also depleted the aquifer water 
reserves.  The ever-increasing populations of people, and their usage of water further 
compounds this problem.  Even though Florida is known for its frequent rainstorms, the 
continued depletion of water reserves cause water prices to rise.  With the water 
redirected to its natural path, the aquifers will be fed more water, which in turn will bring 
down water usage costs for residents.   
 CERP comes with many complications.  Lake Okeechobee was first corralled by 
levies due to frequent flooding into towns and farms.  These floods were often fatal.  In 
1928, the southern end of the lake flooded during a hurricane killing over 100 people 
(NWS, 2014).  After this devastating storm, levies were built up around Lake 
Okeechobee to protect people and property from further floods.   When the hurricane of 
1928 hit, the population of south Florida was around 50,000; the 2013 census estimated 
the population is near to 5.8 million (NWS, 2014; Williams, 2014).   It is of high 
importance to restore the natural water flow while also ensuring the continued safety of 
the dense human population in south Florida.  Furthermore, the large number of people 
currently living in south Florida has also increased soil and water pollution.  Altogether 
the CERP project continues to keep three main goals in mind:  A) return fresh water 
levels to their natural flow through central and south Florida, B) ensure that water flow 
does not damage people or property, and C) maintain water quality within safe and 
healthy standards (CERP, 2014).  
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1.4 Florida Everglades Elevation and Seasons 
In order to understand Florida’s ecosystem and habitat, it is important to first discuss 
its history in terms of geological formation.  Before Pangaea broke apart, Florida and the 
northeastern edge of Africa were attached.  About one hundred and twenty five million 
years ago, Africa and South America began separating and this rifting birthed the Atlantic 
Ocean (Lodge, 2005).  When the separation first began, Florida was above water and the 
exposed land is now the Floridian Platform (Lodge, 2005).  By the late Jurassic period, 
the platform began to subside and the area that is now Florida was a shallow, tropical 
ocean (Lodge, 2005).  Until around twenty five million years ago (the Miocene period), 
Florida was underwater producing calcium carbonate deposits on top of the Floridian 
Platform.  The majority of these sediments solidified to become limestone, but other 
harder rock formations developed as well (Lodge, 2005).  Limestone can be easily 
dissolved, and as sea levels rose and fell over geological time, the limestone went through 
transitions of being underwater and then exposed to the air.  These fluctuations caused 
there to be uneven weathering of the limestone surface, making the surface resemble that 
of a sponge with hard solid areas laced with pockets and holes (Lodge, 2005).  
The Everglades has only two seasons: wet and dry.  The wet season is typically from 
mid-May through late October with the dry season occurring throughout the rest of the 
year (Table 1).  South Florida receives seventy percent of its yearly rain during the wet 
season, which averages about 89-115 centimeters (Browne, 2009).  The National Weather 
Service determines the official start of each wet season once rainstorms increase over 
south Florida (Browne, 2009; NWS, 2012).  The rain cycle typically occurs diurnally, 
once in the morning and again in the late afternoon (Browne, 2009).  This weather is 
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often accompanied by strong wind and lightening; hurricanes and tropical storms are a 
constant threat during the wet season.    
 
 
Seasons Dates Total Days 
Wet 5/18 - 10/10 146 
Dry 10/11 - 5/17 219 
 
 The Florida Everglades displays significant changes in water availability during 
the wet and dry seasons.   The habitats with higher elevations have more dramatic 
changes than the lower ones that stay saturated year round.  Water plays a crucial role for 
all animals in the Everglades, and not just for hydration purposes.  Many of the animals 
in the Everglades make their homes in the water, and others spend long periods of their 
time in the water for hunting or protection.    
The wet season in the Florida Everglades creates a dramatic change in water level 
heights.  Areas that had been extremely dry during the end of the dry season can be 
several feet underwater in just a few short days, if not hours.  The dry season is the longer 
of the two seasons, typically lasting seven months of the year.  
1.5 The Five Dominant Habitats in the Florida Everglades 
1.5.1 Pinelands 
 The pinelands are the highest in elevation and are in a “fire climax” ecosystem.  
This means the vegetation has to be fire-resistant to the frequent natural fires that occur 
(Lodge, 2005; NPS/BCNP, 2014).   Natural fires in the pinelands are necessary for the 
health of the ecosystem itself, and are often managed with controlled burns by park 
Table	  1.	  	  Dates	  for	  wet	  and	  dry	  season	  in	  the	  Florida	  Everglades	  for	  2013,	  according	  to	  the	  National	  Oceanic	  Atmosphere	  Administration.	  	  Data	  taken	  from	  website:	  
http://www.srh.noaa.gov/images/mfl/news/DrySeasonOutlook_2013.pdf.	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officials (Snyder, 2000).  If the pinelands do not burn every four to five years, then the 
hardwood species begin to take over.  The hardwoods are not fire-tolerant.  Proliferation 
of the hardwoods can create longer lasting, hotter fires that can in turn severely damage 
and kill the fire tolerant species (Lodge, 2005).  Predominant fire-resistant flora are the 
slash pine (Pinus elliotti), saw palmetto (Serenoa repens), and the cabbage palm (Sabal 
palmetto).  Some key vertebrate fauna that are known to occur in this habitat are the bald 
eagle (Haliaeetus leucocephalus), the Florida panther (Puma concolor coryi), and the 
gopher tortoise (Gopherus polyphemus).    
 Gopher tortoises are an important species in this habitat for the deep burrows they 
dig.  The gopher tortoise itself is an average sized tortoise, with a length of twenty three 
to twenty eight centimeters.  The tortoise will create burrows that are approximately two 
meters deep and four and a half meters long (Enge et al., 2006).  During a fire, this den 
serves as a safe refuge for many different species.  Enge et al. reported in their 2006 
biological status report of the gopher tortoise, that up to three hundred and sixty species 
are known to use a gopher tortoise burrow for safety, not only from fires but also from 
predation. 
1.5.2 Hardwood Hammock 
 Hardwood hammocks are dominated by broad-leaf trees, which unlike the soft 
wood species (pines) are not tolerant to fires.  A mature hardwood hammock habitat 
protects itself from fires by the dense shade that is created by the forest canopy combined 
with sink pools.  The canopy seals in a moist and cool climate and the shade limits the 
understory that can grow. Though the ground is covered in a layer of leaf litter (also 
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referred to as peat), the humid air keeps this substrate sodden which helps prevent fires 
from taking over (Lodge, 2005).   
 The flora and fauna found in the hardwood hammock habitat is diverse.   
Common trees found in this habitat are the strangler fig (Ficus aurea), gumbo limbo 
(Bursera simaruba), and the royal palm (Roystonea regia) as well as cypress trees in the 
lower lying wet areas (Lodge, 2005).  Many species in the Everglades use this habitat for 
protection and food resources.  The pinelands and the higher elevated areas in the 
hardwood hammocks are not flooded during the wet season.  This provides a stable 
environment for animals, with the hardwood hammock offering the extra protection of 
the shaded canopy.    
1.5.3 Marsh Prairie 
 The marsh prairie is subjected to nearly continuous flooding.  A large portion of 
this habitat is dominated by sawgrass.  Despite its name, sawgrass is not an actual grass 
but a member of the sedge family.  The blades of sawgrass have sharp teeth along the 
edges, and is the reason for its name (NPS/SP, 2014).   
 Fauna found in this habitat have to be either small enough to move amongst the 
sawgrass blades or hardy enough to move through it without being harmed.  Birds, 
reptiles, small fish and mammals, and aquatic invertebrates are the main inhabitants of 
this ecosystem. 
 The marsh prairies also benefit from fires.  Florida has an abnormally high 
number of lightening strikes in the southern portion of the state, and is the primary cause 
of natural fires.  These strikes occur most frequently during June through September, 
which are during the wet season stormy months (Lodge, 2005).  Wet season fires in the 
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prairies usually stay fairly small due to the highly saturated ground.  These small fires are 
beneficial for several reasons, they burn back any invading hardwood species and they 
release essential plant nutrients back into the ecosystem causing a quick rejuvenation of 
the soil.   On the other hand, dry season fires can be devastating to the ecosystem.  The 
intensity of the flames decimates the peaty soil and all the nutrients with it, causing long 
periods before regrowth (Lodge, 2005). 
1.5.4 Cypress Swamp  
 Cypress swamps can be found throughout the Everglades in lower lying areas.  It 
is a flat habitat and small changes in elevation can cause drastic differences in the 
vegetation found there.  The Big Cypress Swamp (nearly half of it is located in the Big 
Cypress Preserve) slowly decreases in elevation until it eventually merges into the 
mangrove ecosystem that meets the Gulf of Mexico and Florida Bay (Lodge, 2005; NPS, 
2014).   
 The term Big Cypress Swamp does not refer to the size of the cypress trees, but 
rather that the region is vast, with nearly 4,023 square kilometers when based on 
hydrological boundaries.  Historically, this area contained giant cypress trees that grew 
up to forty meters tall.  These tall cypress trees are nearly gone in the Everglades due to 
logging in the 1940s and 50s and it is estimated that it will take over a century for the 
trees to recover to their former heights (Lodge, 2005).   
 The cypress swamp habitat has a large variety of flora that has made it well 
known amongst botanists.   The rich tropical environment with high humidity not only 
protects it from fires, but also provides a perfect habitat for epiphytic plants such as 
orchids, bromeliads, and airplants.   These plants are often found amongst the limbs of 
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the abundant bald cypress (Taxodium distichum), pop ash (Fraxinus caroliniana), and 
pond apples (Annona glabra). Many of these sensitive tropical plants can only be found 
in the swamp habitats of Big Cypress National Preserve and Fakahatchee Strand State 
Park (Lodge, 2005; FSP, 2014).  Unfortunately, the rarity of these tropical plants entices 
people to collect and sell them.  The Florida royal palm (Roystonea regia) is another 
plant that can be found in this habitat that is subject to human removal for transplantation 
and resale (PV, 2014).    
1.5.5 Mangrove Estuary 
  The mangrove estuary habitat is found at the transitional boundary from 
freshwater flow into the coastal intertidal zone.  Florida is known for its three types of 
mangroves: red mangrove (Rhizophora mangle), white mangrove (Laguncularia 
racemosa), and black mangrove (Avicennia germinans).  Mangrove trees are typically 
found in salt water or brackish environments.  Mangroves can also grow in fresh water, 
but because of their tolerance of salt, they are prolific in salty environments.  Mangroves 
are known to exclude and/or excrete salt (NGS, 2014).   
 Red mangroves are known for their dramatic prop roots.  These roots act to 
stabilize both the tree and the soil around it.  Since this environment is subjected to 
frequent intertidal changes, the red mangroves play an important role in the stability of 
the ecosystem.  The prop roots also act as a protective habitat for small aquatic animals, 
specifically larval fish and invertebrates.  Red mangroves tolerate the saline environment 
by both excluding and excreting salt.  The roots exclude salt, but inefficiently; salt does 
indeed still enter into the tree.  The trees cope with this by creating what is termed 
“sacrificial leaves”, where excess salt is stored in leaves that consequently die (NGS, 
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2014).  Red mangroves are easily identified not only by their prop roots, but also by the 
yellow leaves speckled throughout the canopy.   
 White mangroves grow at higher elevations and are not subjected to the intertidal 
changes as are the red mangroves (Lodge, 2005; DEP, 2014).  White mangroves, like red 
mangroves, both exclude and excrete salt.  The roots block most of the salt, but when it 
does enter the system the salt is removed through two small glands that can be found near 
the stem on the underside of the leaves. 
 Black mangroves are unique in that they do not attempt to block salt from 
entering through the roots.  The trees eradicate the salt by glands that can be found 
throughout the leaves.  The salt crystals are clearly visible on the surface of the leaves 
(Lodge, 2005; NGS, 2014).   Black mangroves can be easily distinguished by their root 
projections called pneumatophores, which protrude around the base of the tree (DEP, 
2014).   
 Animals found in mangrove estuaries also have to be able to cope with a brackish 
environment.  Fish hunting birds, such as the osprey (Pandion haliaetus) and the great 
blue heron (Ardea Herodias) are frequently found in this environment.  American 
crocodiles (Crocodylus acutus), the Florida manatee (Trichechus manatus latirostris), 
and Atlantic bottlenose dolphins (Turciops truncatus) can also be found in the mangrove 
estuaries.   
 Background: River Otter Ecology 
1.6.1 General Biology and Behavior 
The North American river otter (Lontra canadensis) is one of many mammals that 
can be found in the Florida Everglades (Stith 2003, 2004; Lodge, 2005).  River otter 
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status has been a topic of concern throughout the United States for the last thirty years 
(Raesly, 2001).   
River otter populations have significantly declined due to fur trading, poor water 
quality, and habitat decimation (Raesly, 2001).  River otters are an apex predator that is 
high on the trophic level, which makes them valuable indicators of ecosystem health; 
bioaccumulation of toxins from prey items or prey item reduction due to ecosystem 
changes are reflected by river otter health (Blundell et al., 2002).  Throughout the United 
States, wildlife agencies have been working to restore river otter populations  
In general, people view river otters as playful, gregarious animals but they are in 
fact very territorial and aggressive, and have been documented to sometimes attack 
humans (Belanger et al., 2011).  As reported by Belanger et al. in their 2011 report, of the 
total documented river otter attacks on humans in North America (United States and 
Canada), 38.5% of them occurred in Florida, which was the geographical majority.   
From 1990 to 2009, there were thirty river otter attacks world wide, and of those eleven 
occurred in Florida.  Attacks range from small nips to deep gashes made by claws and 
teeth.   It is believed that otter attacks are frequent in Florida not because of increasing 
otter populations, but rather because human expansion is overlapping with river otter 
territories.   The only reported human fatality by river otters was caused by Smooth 
Indian otters (Lutra perspicillata).  In 1992, a fisherman in India had trapped a pup and 
was then attacked by a group of otters, which resulted in his death. 
 River otters are semi-aquatic mammals belonging to the weasel family (Ellis, 
2003; Gorman et al., 2006; EPA, 2014).  River otters are well adapted for life on both 
land and water.  They can hold their breath underwater for up to eight minutes and can 
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also run on land at a speed of 29 km/hour in short bursts (Ellis, 2003).  River otters are 
able to thermoregulate in the water due to their thick fur (Lariviere & Walton, 2009).   
 River otters have many adaptions that make them strong swimmers and aquatic 
hunters.  They have muscular streamlined bodies with webbed feet and nostrils that can 
close while underwater, and they can dive up to eighteen meters (Ellis, 2003; EPA, 
2014). They have sensitive vibrissae (thick, tactile facial whiskers) and paws that allow 
them to feel movement of prey in the underwater substrate (Ellis, 2003; Lariviere & 
Walton, 2009).  
 Otters exhibit moderate sexual dimorphism in body size; the average adult male is 
typically 5% larger than the average female.  In Idaho, male otters are up to 17% larger 
than females (Lariviere & Walton, 1998; EPA, 2014).   Males average 20 pounds and 
females 17 pounds, and river otters found in the northern latitudes tend to be larger than 
those in the south (Hill, 2005; EPA, 2014).  Interestingly, female body weight has been 
known to decrease after they have reached four years of age (EPA, 2014).   
 River otters can live up to thirteen years in the wild and have reached twenty-one 
years of age in captivity (Serfass & Polechla., 2008).  Both male and female river otters 
reach sexual maturity at two years of age, but females may not begin reproducing until 
five years of age or later (Tesky, 1993; Lariviere & Walton, 1998).   Male and female 
river otters typically begin breeding in late winter to early spring, but birthing times vary 
since female river otters implement delayed implantation (Tesky, 1993; Lariviere & 
Walton, 1998; Ellis, 2003; Hill, 2005; EPA, 2014).  This delay can be a reflection of 
limited food sources or other stress factors that are reducing available energy sources 
(Monson, et al., 2000).  Fertilized embryos stop development and can stay in the 
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blastocyst stage for several months.  Because of this, otters have a wide range of 
gestation times with some litters coming as soon as two months after fertilization, and 
others lasting up to a year (Tesky, 1993; Ellis, 2003; EPA, 2014).  Typical litter size is 
two to three pups but they can birth up to six.  At birth, pups weigh about half a pound 
and are born fully furred, though are otherwise helpless (Tesky, 1993; Lariviere & 
Walton, 1998; Ellis, 2013; EPA, 2014).  Mothers typically introduce their pups to the 
water at about two months of age (Tesky, 1993).  Pups are weaned at about three months 
of age and then begin venturing away from their family unit at six months; but typically 
do not permanently move from their family until twelve to thirteen months (Tesky, 1993; 
Ellis, 2003; EPA, 2014).  Young may stay with their mothers for an extended period of 
time.  Social groups are beneficial for river otters’ cooperative feeding strategies 
(Blundell et al., 2002; Ellis, 2003).  Social groups are not necessarily related individuals 
and most social groups are temporary, forming and reforming at different times (EPA, 
2014).  Typically river otters can be seen in groups of two or three but have been known 
to have as many as eighteen in a social group (Kruuk, 2006). 
 River otters are also known to be very playful animals, playing by themselves or 
with one another.  Mutual play not only aids in establishing social bonds but also allows 
them to practice hunting techniques (Ellis, 2003).   Otters are often seen playing alone as 
well, such as sliding down mud or snow slides, splashing in the water, and burrowing 
through snow and vegetation (Ellis, 2003).  River otters are given the extra energy for 
such enthusiastic activity due to their incredibly high metabolism, but this also requires 
them to hunt and eat a great deal of food (estimated two pounds a day) in order to meet 
their daily caloric requirements (Ellis, 2003; EPA, 2014).   
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 Communication among river otters can be both auditory and olfactory.  River 
otters can emit many different sounds, including a sharp snort as an alarm call, chirping 
for long distance communication, and a low frequency clucking when in groups 
(Lariviere & Walton, 1998; Ellis, 2003).  Scent marking is also an important 
communication tool.  River otters have an anal gland that they can use to expel a pungent 
musk which is used either to mark territory or as a defense mechanism (Lariviere & 
Walton, 1998; Ellis, 2003).   They also have glands on the bottoms of their feet that 
release scent when scratching heaps of vegetation or soil together.  Typically this is done 
congruently with depositing urine and/or scat as a territory marking tool (Kruuk, 2006).   
1.6.2 Predators and Prey 
 River otters have few aquatic predators.  The Florida Everglades house two of the 
three main water-based predators of the river otter, the American alligator (Alligator 
mississippiniensis), and the American crocodile (Crocodylus acutus) (Lariviere & 
Walton, 1998).  The other known aquatic predator of the river otter is the killer whale 
(Orcinus orca), which poses a threat primarily to river otters along the western coast of 
the United States and Canada. (Lariviere & Walton, 1998).  On land, river otters have 
many predators to contend with, most of which are residents of the Florida Everglades: 
bobcats (Lynx rufus), panthers (including the Florida panther), coyotes (Canis latrans), 
wolves (Canis lupus), domestic dogs (Canis familiaris), and humans (Homo sapiens) 
(Lariviere & Walton, 1998; Serfass & Polechla, 2008).  Bobcats, Florida panthers, 
coyotes, domestic dogs, and humans are all known inhabitants of the Florida Everglades.  
Though river otters are known to attack humans, it is likely due to territory aggression.  
Humans on the other hand, frequently kill and harm river otters both intentionally and 
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unintentionally.   Human related mortalities of river otters are typically due to trapping, 
shooting, water contamination, accidental capture in fish nets or lines, and road kill.  
 River otters have a diverse palette and are not limited to aquatic prey, they will 
forage on land as well.  They consume an array of different animals: fish, invertebrates 
(crayfish, insects, freshwater shrimp and crabs), amphibians, reptiles, birds, and small 
mammals (Tesky, 1993; Ellis, 2003; Hill, 2005; Kruuk, 2006; EPA, 2014).  Recently a 
river otter was documented attacking and then eating an alligator in Lake Woodruff 
National Wildlife Refuge in DeLeon Florida.   The adult otter was observed battling a 
one and a half meter long alligator in the water, and then dragged it onto land where it 
was able to kill and consume it (Holland, 2014).    
 Prey can be eaten in the water or on land.  Typically larger food items are 
consumed on land and the smaller aquatic prey are eaten while in the water.  River otters 
prefer to focus their energy on hunting smaller, slower moving fish species that range 
from two to fifty centimeters (Tesky, 1993; Ellis, 2003; Kruuk, 2006; Savage & Klingel, 
2014).  River otters are opportunistic hunters that will kill and eat whatever is available to 
them.  This means that river otter prey changes depending on habitat and season.   
1.6.3 Habitat and Range 
 
 River otters have a large range of different habitat types.  They can be found in 
freshwater and marine environments, at sea level and in mountains, and in areas of warm 
and cold latitudes (Ellis, 2003; EPA, 2014).  In Florida, river otter abundance has been 
shown to be highest in the swamp forests, and lowest in the marsh prairies (Humphrey & 
Zinn, 1982; Lariviere & Walton, 1998).  River otters prefer a habitat with vegetative 
cover, steep banks, slow moving water, and deep pools (Dubuc, 1990; Tesky, 1990; 
Lariviere & Walton, 1998F).  River otters do not dig their own dens, but will use dens 
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already made by other animals, fallen or hollowed out logs, cavities under boulders or 
brush, or even boat docks (Tesky, 1993; EPA, 2014). 
 The range of river otters is best explained linearly since they are usually moving 
along the edges of waterways (Ellis, 2003, EPA, 2013).  River otters have overlapping 
ranges and generally are not territorial but are more likely to show aggression when 
encountering another conspecific within their immediate area (Ellis, 2003).   For this 
reason, river otters that share territory ranges seem to cope with this by a mutual 
avoidance of one another (Ellis, 2003; EPA, 2014).  Home ranges can change seasonally 
and typically follow water and food availability (Ellis, 2003; EPA, 2014).  For areas such 
as the Florida Everglades where water availability changes seasonally, river otter range is 
very likely to change throughout the course of the year.  
 Though river otters do exhibit mutual avoidance of one another, typically there 
are several areas in their home ranges known as activity centers or latrine sites, where 
otters spend at least 10% of their time (Ellis, 2003; EPA, 2013).  Latrine sites are specific 
locations that river otters will scent mark by depositing feces, urine, and musk secretions.  
Latrines are typically along the shoreline and are 25 to 300 meters apart (Ben-David et 
al., 1998).    Latrine sites are often associated with rock formations, fallen logs, beaver 
dens, tributary streams, and dense canopy (Stevens et al., 2008).  It is not yet clearly 
understood what the social purpose is for latrine sites, but the visitation rate of river otters 
along latrine sites is high (Ben-David et al., 1998; Stevens et al., 2008).  The use of river 
otter musk should attract the otters for this very reason, but can also work as a deterrent 
to female otters with young.  Infanticide is known to occur, and because of this females 
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with pups tend to avoid males and will become aggressive when confronted (Kruuk, 
2006; Belanger et al., 2011). 
1.7 History of River Otter Studies 
1.7.1 River Otter Endangerment and Re-introduction in the United States 
River otters are found throughout the United States and Canada.  Prior to 
European settlement, records showed that river otters were found in almost all major 
water drainages throughout North America (Lariviere & Walton, 1998; Serfass & 
Polechla, 2008).  River otters were listed as a Species of Least Concern by the IUCN in 
2008, however many populations in North America are considered endangered or 
vulnerable (Ellis, 2003).  The species is also listed as endangered in the Appendix II of 
the Convention on the International Trade of Endangered Species of Wild Fauna and 
Flora (Lariviere & Walton, 1999).  Conservation priorities for the North American river 
otter should focus on field surveys of current populations, identification of key habitats, 
protection of areas where populations remain, and stricter enforcement of protective 
measures (Lariviere & Walton, 1999). 
As reported by Raesly in the 2001 Wildlife Society Bulletin, river otters had been 
completely eradicated in eleven of the states in the United States and were in dangerous 
decline in nine others.  In restoration efforts, river otters have been reintroduced to 
Arizona, Colorado, Illinois, Indiana, Iowa, Kansas, Kentucky, Maryland, Minnesota, 
Missouri, Nebraska, New Mexico, New York, North Carolina, Ohio, Oklahoma, 
Pennsylvania, South Dakota, Tennessee, Utah, Virginia, and West Virginia (Hill, 2005; 
Raesly 2001; NMSC 2014).  River otters adapt well when introduced to a new area.  
Their ability to select from a wide range of prey items and to travel across large expanses 
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of land, allows for reintroduced otters to find suitable habitats effectively (NMSC, 2014).  
It is currently a topic of debate whether reintroduction of river otters contaminates or 
compromises native river otters’ genetic makeup (Serfass & Polechla, 2008).  Another 
continued topic of concern for otter reintroduction is depletion of game fish.  River otters 
are often blamed for a declining population of game fish, however river otters almost 
exclusively hunt the slower moving non-game fish species (Dubac, 1990; Tesky, 1993; 
Ellis, 2003; Savage & Klingel, 2014) 
1.7.2 River Otter Studies and History in South Florida 
The Department of Wildlife Ecology and Conservation (Fort Lauderdale Research 
and Education Center) conducted a small mammal survey in Big Cypress National 
Preserve and Everglades National Preserve from 2007 to 2009.  Forty river otters were 
sighted during this project, and were equally distributed between the two Preserves.  In 
BCNP, the river otters were detected by visual live sightings (40%), camera traps (30%), 
and as road kill (30%).  All the sightings were in the hardwood hammock, cypress 
swamp, or pinelands in BCNP (Pifer et al., 2010). 
In 1982, Humphrey and Zinn conducted a study of river otters and Everglades 
mink in BCNP.  The authors chose nine habitats and set up three transects in each 
ecosystem.  Each transect consisted of a line of ten musk baited track-boards placed sixty 
meters apart; bait alternated between otter and mink musk.  Each transect was at least one 
hundred and eighty meters from its nearest neighbor.  The track-boards were set up for 
two consecutive days during the late wet season (September-November), early dry season 
(December-February) and late dry season (March-May).  The study concluded that 
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animals are more attracted to their own scent (more otter tracks were found near otter 
musk and more mink tracks were found around the mink musk).  
At the 17th Annual Conference of the Southeastern Association of Game and Fish 
Commissioners in 1963, Jimmie McDaniel presented his findings for river otter 
abundance in Florida based on logs from the fur trapping trade.  Florida ranked fifth for 
otter catch in 1958-1959.  In 1960-61, 1,435 otter hides were reported, the following year 
2,779 hides were reported and in 1962-63, 1,739 otter hides were reportedly turned in.  
Though these are the official counts reported for the state of Florida, they are not thought 
to be accurate counts due to conflicting data.  For example, a hide dealer indicated that he 
personally bought 4,500 hides from trappers in Florida in 1961-62 but the state of Florida 
reported that a grand total of 2,779 otter hides were produced that year.  However 
inaccurate, the official Florida data indicate a very high number of river otters caught 
during the 1960s, and in reality this number was likely higher.  River otter hunting is still 
conducted in Florida with the hunting season lasting from December 1 to March 1.  There 
are no regulations on river otter harvesting during hunting season, though for offseason, 
licensed otter hunters found with more than one pelt that is without a CITES tag will be 
found in violation (FFWCC, 2014). 
A potential unnatural threat to the river otter population may be the Burmese 
python (Python molurus bivittatus), which is native to Southeast Asia.  This python 
species was first reported in Everglades National Park in 1979 (Dove et al., 2011), and 
recognized as an established population in 2000 (Dorcas et al., 2012).  Since 2000, a 
marked decline of mammal and bird populations is believed to be a result of python 
predation.  Dorcas et al., report in their 2012 publication, that between 2003 and 2011 
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there was a decrease in Everglades National Park of 99.3% for raccoons (Procyon lotor), 
98.9% for opossums (Didelphis virginiana), 94.1% for white-tailed deer (Odocoileus 
virginianus), and 87.5% for bobcats.  Everglades National Park parallels Big Cypress 
National Preserve and python proliferation is of equal concern to both parks.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
	   26	  
Chapter 2 Methods:  Everglades Study Area and Study Objective 
Parameters 
2.1 Study Area: Big Cypress National Preserve and Fakahatchee Strand State 
Park 
Big Cypress National Preserve (BCNP) is part of the Big Cypress Swamp.  The 
Park was established in 1974 when Congress set aside 45% of the Big Cypress Swamp; 
making BCNP one of the first national preserves in the United States National Park 
System (NPS/BCNP, 2014).  BCNP encompasses 2,914 square kilometers and is located 
in the south western region of Florida, approximately seventy-two kilometers west of 
Miami (NPS/BCNP, 2014).  Big Cypress is home to several endangered species including 
the Florida manatee (Trichechus manatus latirostris), the wood stork (Mycteria 
americana), and the Florida panther (Puma concolor coryi). 
Fakahatchee Strand State Park (FSSP) borders the west end of BCNP.  It is a 
long, linear forest that is eight kilometers wide and thirty two kilometers long from north 
to south (FSP, 2014).  FSSP’s southern end terminates at the Gulf of Mexico (Florida 
Bay) and functions as an essential fresh water filtration system for groundwater entering 
the sea.  The estuarine ecosystem between FSSP and the Ten Thousand Islands is known 
to be one of the most biologically productive ecosystems in the world (FSP, 2014). The 
brackish water provides ideal conditions for spawning and nesting grounds, which are 
important to recreational and commercial fisheries as well as many invertebrate species 
(FSP, 2014).   
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 Big Cypress National Preserve and Fakahatchee Strand State Park are separated 
by State Road 29 (Figure 3).  The crossover of ecosystems into both parks contributed to 
a larger study area for this Project.  
 
Figure 3.  GIS map of Big Cypress National Preserve and Fakahatchee Strand State Park boundaries. 
2.1.1   The Five Habitat Types in BCNP and FSSP 
 The pinelands habitat is the highest and driest of all the ecosystems in the 
Everglades, resting on the hardest rock formations on the Floridian Platform (Lodge, 
2005).  During the dry season water availability decreases, creating an arid environment 
that is unique from the rest of the wetland ecosystems.   
 The hardwood hammock develops where there has been uneven weathering of the 
limestone surface, creating dips and sinks.  The hard surface rock erodes slowly creating 
SR
 29
I 75 (Alligator Alley)
FSSP BCNP
US 41 (Tamiami Trail)
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islands of higher elevation (Lodge, 2005).  The sinks contain pools of water that range 
from small ponds to larger bodies of water.   The hardwood hammock is the second 
highest habitat in the Everglades. 
  The marsh prairie is the only habitat that is not regulated by elevation, but instead 
by the availability of fresh water discharge.  The river of grass is dominated by marsh 
prairie and is one of the largest natural habitats in south Florida (Lodge, 2005).  This 
ecosystem requires a constant slow sheet fresh water flow to sustain it.   
 The cypress swamp is greatly affected by water level changes during wet and dry 
seasons due to its low elevation.  Depending on the frequency and severity of storms, 
water levels can rise drastically over the course of a few days.   One game camera in this 
habitat was set approximately one meter above the water level.  After a strong storm, the 
camera became completely submerged.   For three days it was underwater, and continued 
taking pictures.  As quickly as the water level rose, it then dropped leaving the camera 
again above the water line.  This certainly came as a surprise when reviewing the camera 
pictures, since I had been unaware of the dramatic water level change that had occurred.    
 The mangrove estuary is not only one of the lowest lying regions but is also 
subjected to tidal flow.  Despite its low elevation, it is not greatly affected by wet and dry 
seasons.  The coastal intertidal zone creates a buffer system that regulates water levels 
(Lodge, 2005).  The greatest changes in water levels are due to the daily tidal patterns of 
the Atlantic Ocean.   
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2.2 Research Design and Data Analysis of River Otter Variation by Habitat and 
Season 
River otter assemblage is a function of water availability.  As a semi-aquatic 
species, river otters rely on water for a great deal of their life cycle needs (Ellis, 2003).  
Though the Florida Everglades is a wetland ecosystem, water availability changes both 
seasonally (wet and dry season) and regionally (Floridian Platform elevation) (Lodge, 
2004).  River otter sightings were documented by season, habitat location, and GPS 
latitude and longitude.  Sightings consisted of live animals, game camera captures, and 
scat.  A detailed map of GPS points of river otter sightings was constructed using Google 
Earth Pro and Global Mapper Software.    
2.2.1 Site Selection and Camera Placement 
 Park biologists for both BCNP (Deborah Jansen) and FSSP (Mike Owen) were 
interviewed before site selections and camera locations were chosen. They provided an 
invaluable wealth of information regarding not only the areas that river otters could be 
found, but also in identifying the different habitat locations.  Both biologists marked 
areas on park maps that identified locations where river otters had been previously 
observed or were likely to be found.  When looking at low-density species, it is important 
to not place cameras randomly, but rather, carefully select areas that will maximize 
species camera capture (O’Connell, 2010).  
My research assistant, Jim Hamilton and myself, scouted all habitat suggestions.  
We conducted our scouting missions by foot, bike, or SUV; whichever was most 
appropriate for the terrain.  These surveys occurred during the months of February and  	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March, which proved highly useful since this is the peak of dry season.  This 
allowed a level of assurance that chosen waterways would stay saturated year round.  
 The five ecosystems were also scouted for water canals that exhibited river otter 
habitat preference such as vertical bank slopes, rocky formations, dense overhead canopy, 
visible prey items (fish, invertebrates), and otter sign (scat, tracks, food remnants, dens, 
slides, latrines) (Ben-David et al., 1998; Pardini et al., 1998; Swimley & Hardisky, 2000; 
Breaux, et al., 2002; Stevens & Serfass, 2008).  The locations for camera deployment 
were chosen by having the characteristics previously described, in addition to having the 
vegetative and water characteristics common for each of the five dominant habitats 
(Figure 4). 
 
Figure 4.   GIS map of the five dominant habitat site selections chosen for game camera deployment. 
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 Since river otters are semi-aquatic, they are most commonly found along the 
edges of water bodies, for this reason the cameras were aimed so both land and water 
could be monitored (Gorman et al., 2006).  For each chosen habitat location, four 
Moultrie Game Cameras were mounted along the waterway approximately sixty meters 
apart and each location was marked using a global positioning system (GPS) unit 
(Humphrey and Zinn, 1982; Bennett, 1990; Ford et al., 1994; Karanth and Nichols, 1998; 
Breaux, et al., 2002).  Camera stations were measured using a one hundred-foot reel and 
wind measuring tape.  Cameras were mounted to stable trees and camera direction was 
aimed so both water and bank could be monitored.1   Cameras that were in areas prone to 
human theft were placed inside lockboxes.  When motion was detected, each camera was 
set to take a series of three high-resolution pictures at 15 seconds apart, which was the 
shortest time period available for these cameras.  Cameras were left in picture rather than 
video mode to save on battery life.    
 Camera stations were baited every two to three weeks with Hawbaker otter lure or 
otter prey items (Table 3) (Linhart & Knowlton, 1975; Humphrey & Zinn, 1982; Ford et 
al., 1994; Shackelford & Whitaker, 1997).  Brook silversides (Labidesthes sicculus) and 
zebra mussels (Dreissena polymorpha) were used as bait once it was decided the otter 
musk could be acting as a deterrent for females and young.  Both the silversides and 
zebra mussels are known prey items for the river otter, and were available for purchase at 
local stores (Chabreck et al., 1982; Tesky, 1994; Nedeau et al., 2009; Giles, 2012; BW, 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  The first cameras set for mangrove estuary were not pointed at the bank.  For protection against theft, the cameras 
were placed one to two meters away from the bank.  This is described in further detail in section 4.1.1 Camera 
Relocation. 
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2014; NPS/MISS, 2014).   Otter musk was used from the beginning of the study (March 
9, 2013) until June 15 and 17, 2013 when silversides were put down.  After no further 
otters were sighted, prey items were switched to zebra mussels on September 18 and 19, 
2013.  
 Cameras were monitored for battery life and SD card replacement.  Cameras were 
replaced when necessary.  Camera damage typically consisted of water corrosion within 
the battery pack.  On a singular event, a camera was rendered unusable by animal 
tampering (Appendix 1, r).  The animal ripped the front cover of the camera off and then 
bit it repeatedly.  Many teeth punctures and scrapes could be found on the camera.  
Unfortunately there were no pictures of this event; the camera card had been triggered to 
eject and was not found anywhere on or near the premises.  It is believed that the animal 
ingested the SD card.  After consulting both FSSP and BCNP biologists, it was believed 
that this was most likely caused by a black bear, which are known for tampering with 
Park game cameras.  Cameras also had to be repositioned frequently, having been moved 
by animals, people, or natural events (wind and gravity) (O’Connell, et al., 2010). 
 All animals observed were documented by date, season, class, and habitat type.  
All purchases for this project were funded by the Nova Southeastern University 
President’s Faculty Research and Development Grant; awarded on May 23, 2012.   
Table 2.  Survey effort for each habitat in field hours and game camera time in days.   
 
Habitat Camera (days) Field (hours) 
  Wet Dry Total Wet Dry Total 
Pinelands 146 164 310 9 11 20 
Hardwood Hammock 146 157 303 12.6 10.8 23.4 
Marsh Prairie 146 161 307 6.48 8.48 14.96 
Cypress Swamp 146 153 299 9.96 11.96 21.92 
Mangrove Estuary 113 161 274 7 9.5 16.5 
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2.3 Research Design and Data Analysis of Seasonal Class and Species 
Assemblage and Data Analysis   
 Species were documented as occurring in either the wet or dry season.  Similarity 
matrices were conducted for species and classes between habitats for the duration of the 
study and by season.  These calculations were made by comparing common species in 
habitats to the total number of species seen. The Jaccard coefficient similarity matrices of 
species per habitat and season were used to create dendrograms. The dendrogams were 
created by taking the distances between the Jaccard coefficients and clustering them 
using the Unweighted Pair Group Method of Arthimetic mean (UPGMA) algorithm from 
the DendroUPGMA webpage: http://genomes.urv.cat/UPGMA/ (Garcia-Vallve et al., 
1999).  
 Game cameras site placement were chosen depending on river otter habitat 
parameters as previously described in (section 2.2.1).  Cameras were placed on land, 
pointing towards a water body.  Each camera’s field of view showed both land and water.  
This allowed for potential camera capture of species that were terrestrial, semi-aquatic, 
and aquatic.   
2.3.1  Opportunistic Sightings 
 Time spent in the field often led to incidental sightings of animals that had not 
been previously captured by game cameras. These visual sightings could consist of a 
living animal or animal sign, such as scat or tracks.   All rare sightings were logged, 
including behavior, time, and GPS coordinates as needed.  Rare opportunistic sightings 
consisted of mammals and birds of prey.  Photographic documentation of sightings were 
taken whenever possible, using a Nikon CoolPix P510.  A species list was composed 
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showing all species seen by both camera and opportunistic sightings.  A Jaccard 
similarity coefficient was calculated for each habitat in relation to the total species 
observed during the total study time and then further analyzed by season (Schmitt & 
Sullivan, 1996).   
2.4 Ten-Year Analysis of River Otters in Fakahatchee Strand State Park  
  FSSP biologist Mike Owen provided a ten-year database of river otter sightings 
by both himself and park staff from through 2003 to 2012.  Sighting types included living 
river otters, roadkill, scat, and tracks.  Mike Owen’s sightings were often looked at 
separately from staff sightings, in order to establish consistency. 
 All sightings by both staff and Mike Owen occurred while they were in the field 
conducting their work.  Sightings typically included date, time, location, behavior (if 
living), and number of river otters sighted (Appendix 2).   Living river otter and road kill 
data were only used in this study for the consistency of physical body counts.  Data was 
then analyzed for changes in sightings yearly and seasonally.  Time of day was not 
considered since opportunistic sightings typically only occurred during working hours, 
and therefore were not an accurate representation of a twenty-four hour time period.   
2.5 Questionnaires 
 Survey questionnaire packets were distributed to workers of Big Cypress National 
Preserve and Fakahatchee Strand State Park (Appendix 3).  The packets included a self-
addressed stamped envelope, a cover letter explaining the purpose of the survey, the 
survey questionnaire, and a business card with contact information.  Per park rules, 
questionnaires were only to be passed out to employees and not to patrons.   A total of 92 
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packets were handed out, and of those, only nine (9.8%) were returned.   Despite the 
small number, answers for the returned questionnaires were tallied and reported.    
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Chapter 3 Results:  River Otter and Vertebrate Species Assemblage 
3.1 River Otter Assemblage in Big Cypress National Preserve (BCNP) and 
Fakahatchee Strand State Park (FSSP)  
3.1.1 River Otter Sightings During Scouting Periods 
 
While scouting a trail in FSSP known as East Main, three river otters were sighted 
running across the trail.  Two days later on the same trail otter scat was encountered, not 
far from where the three otters had been previously observed (Table 4).   Also in FSSP, 
on Jones Grade Road, two otters were seen swimming in a small pond (Table 4 and 
Figure 5).  All of these opportunistic sights in FSSP were in the hardwood hammock 
habitat. 
 
Table 3.  River otter sightings during habitat scouting period, before cameras were deployed.   February 
20th sightings were on the same trail that tropical hardwood hammock cameras were deployed.  
 
Date Habitat Form Count GPS Season 
2/15/13 Hardwood Hammock Live sighting 3 N26' 03.490  W081'23.830 Dry 
2/17/13 Hardwood Hammock Scat 1 N26' 03.167  W081'23.836 Dry 
2/20/13 Hardwood Hammock Live sighting 2 N26' 08.554  W081'23.354 Dry 
 
	   37	  
 
 
 
Figure 5.  Distribution of otter sightings in Fakahatchee Strand State Park during scouting periods.  
 
3.1.2  Total Variation of River Otters by Habitat 
 River otter sightings consisted of live otters or scat (Appendix 1, p.). During this 
study, river otter tracks were only observed on April 10, 2013 in the hardwood hammock 
habitat.  The tracks were surrounding a scat deposit, making the scat and tracks count as a 
singular sighting.   
 During the study period, river otters were sighted in two habitats of the five 
habitats, hardwood hammock (Figure 6) and cypress swamp (Figure 7).  River otters 
were sighted most frequently in the hardwood hammock habitat with a frequency of 
1
2
3
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66.7%, and were sighted with a frequency of 33.3% in the cypress swamp habitat (Table 
5).   
Table 4.  Total number of otters captured by game camera or opportunistic sighting by habitat type in Big 
Cypress National Preserve and Fakahatchee Strand State park from March 9, 2013 to January 12, 2014. 
 
Habitat Total Camera Live Sighting Scat Percent Frequency 
Pinelands 0  - -  -  0 
Hardwood Hammock 6 3 1 2 66.7 
Marsh Prairie 0 - -  - 0 
Cypress Swamp 3 - 3 - 33.3 
Mangrove Estuary 0 -  - - 0 
 
 
 
 
 
 
 
 
 
 
Figure 6:  Distribution of otter sightings in the hardwood hammock habitat in Fakahatchee Strand State 
Park from March 9, 2013 through to January 12, 2014.  
1 3 4
2
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Figure 7:  Distribution of otter sightings in the cypress swamp habitat in Big Cypress National Preserve 
from March 9, 2013 through to January 12, 2014.  
  
 Two of the hardwood hammock sightings were of scat.  One scat was left in the 
middle of the trail near to camera one.  This scat was not on the trail when we first 
entered the area and was deposited while we were working further down the line.  
Another scat was observed on a log very near to camera four (Appendix 1, r).  The 
camera did not record otter activity, though the log was outside of the camera’s frame of 
reference.   Camera two recorded three otters on April 18, 2013; it proceeded to take a 
series of pictures of these otters over a period of 2.5 hours with the first picture taken at 
10:21am and the last picture at 1:08pm (Figure 8).  The lone river otter that was sighted 
in hardwood hammock was seen on October 9, 2013 at 2:40pm.  The river otter was seen 
1
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between cameras two and three.  The otter was in the water with its head exposed; when 
it saw me it quickly dove back into the water.  I quietly sat in a bush on the bank for 
forty-five minutes hoping to further observe it.  It could be heard softly splashing in the 
waterway, but it never again surfaced in my range of view.  I left not wanting to further 
disturb the animal.  No field camera photo documentation of the otter occurred during 
this event, though the game cameras were taking pictures.   
 The cypress swamp river otter sightings occurred on May 17, 2013 at 4:50pm.  
After having checked and baited the cameras, I was leaving the habitat when the first 
otter was observed.  It was approximately one meter long, running across the trail and 
into the water.  It made a series of loud vocalizations consisting of chuffs and croaks.  
The river otter swam north in the stream for approximately five meters and then returned 
to the area where it first entered the water.  It exited the water onto the bank opposite of 
the trail.  It then began chuffing and croaking again, and two other otters of comparable 
size emerged from the water and climbed onto the same bank as the first.  The three otters 
then jogged along the bank for approximately five to six meters, and then turned west 
Disappearing into the brush.  The entire encounter lasted for ten minutes.	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(a)                    (b)                    (c) 
 
 
 
 
 
     
(d)                    (e)                   (f) 
 
Figure 8.  River otter game camera captures in hardwood hammock habitat in Fakahatchee Strand State Park on May 28, 2013 from 9:48am to 1:08pm.  
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(g)                   (h)             (i) 
 
 
 
 
 
 
      
 (j)                     (k)                    (l) 
 
Figure 8.  cont. 
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(m)                   (n)                     (o) 
 
 
 
 
     
(p)                   (q)                     (r) 
 
Figure 8.  cont. 
	  
43	  
	   44	  
3.1.3 River Otter Variation by Season 
 The majority of the river otter sightings were during the dry season (Table 6 and 
Figure 9).  In 2013, NOAA set the wet season as beginning on May 18 and ending on 
October 10, with the rest of the year being dry season.  Seasonal sightings were 
categorized by these dates.  
 
 
Table 5.  River otter sightings in Big Cypress National Preserve and Fakahatchee Strand State Park by 
habitat, seasons, and GPS coordinates.  Sightings occurred during study period of March 9, 2013 through to 
January 12, 2014. 
 
Date Habitat Form Count GPS Season 
4/10/13 Hardwood Hammock Scat 1 N26' 08.535 W081' 23.332 Dry 
4/18/13 Hardwood Hammock Camera 3 N26' 08.541 W081' 22.579 Dry 
5/17/13 Cypress Swamp Live sighting 3 N25' 46.468  W081'05.067 Dry 
6/15/13 Hardwood Hammock Scat 1 N26' 08.521 W081' 23.445  Wet 
10/9/13 Hardwood Hammock Live sighting 1 N26' 08.546 W081' 22.526 Wet 
 
 
 
 
 
 
            
 
Figure 9.  All seasonal river otter sightings in Big Cypress National Preserve and Fakahatchee Strand State 
Park from March 9, 2013 to January 12, 2014. 
 
2	  
7	  
0	  1	  
2	  3	  
4	  5	  
6	  7	  
8	  
Wet	   Dry	  
#	  
of
	  O
tt
er
s	  
O
bs
er
ve
d	  
Seasons	  
	   45	  
Hardwood hammock had four river otter sightings during the dry season, 
occurring within eight days of each other; one having been the scat that was deposited on 
a log near to camera four, and the second being the game camera captures of the three 
otters by camera two.   The three river otters that were observed in the cypress swamp 
occurred on May 17, which should be noted, is the very last day of the dry season by the 
NOAA seasonal calendar.  As the very last day of the wet season, the water levels in the 
cypress swamp were still very low, increasing availability of dry land for river otter’s 
terrestrial needs.   
 River otter sightings in the dry season all occurred in the hardwood hammock 
habitat.  One was the fresh scat that had been deposited on the trail, the other was the 
singular river otter that was sighted between cameras three and four.   
3.2 Entire Species Assemblage 
3.2.1 Total Variation by Class and Habitat  
 Species counts by camera captures and opportunistic sightings provided valuable 
insight into total species and vertebrate class assemblages throughout the five Everglades 
habitats (Table 7).  A total of forty-three different species were observed and were 
categorized into the classes Aves, Amphibia, Mammalia, and Reptilia.  Birds were by far 
the most abundant of all the vertebrate classes making up 55.8% of the total species 
observed (Figure 10).  Mammal species were also frequently sighted with 25.6% of the 
total sightings, followed by reptiles at 16.3%.  Only one amphibian was observed, a 
southern dusky salamander (Desmognathus auriculatus) captured by camera in the 
hardwood hammock habitat.  Of the three most abundant classes, the mammals were the 
least to be sighted opportunistically.  Most mammal sightings were by game camera.  
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Birds and reptiles are abundant in the Everglades and many species such as alligators and 
wading birds are not elusive to human presence.  
                       Table 6.  List of species identified in Big Cypress National Preserve and Fakahatchee Strand State Park by habitat type.  Species are listed in alphabetical order 
and by class. 
 
Species common name Scientific Name Class Pinelands 
Hardwood 
Hammock 
Marsh 
Prairie 
Cypress 
Swamp 
Mangrove 
Estuary 
southern dusky salamander Desmognathus auriculatus Amphibia 
 
x       
American crow Corvus brachyrhynchos Aves 
 
x       
anhinga Anhinga anhinga Aves x   x x x 
bald eagle Haliaeetus leucocephalus Aves x         
barred owl Strix varia Aves 
 
x       
black crowned night heron Nyctanassa violacea Aves x x x x   
black vulture Coragyps atratus Aves 
 
      x 
common grackle Quiscalus quiscula Aves 
 
x   x x 
common moorhen Gallinula chloropus Aves 
 
  x   x 
double-crested cormorant Phalacrocorax auritus  Aves x       x 
great blue heron Ardea herodias Aves 
 
x x x x 
great egret Ardea alba Aves x x x x   
green heron Butorides virescens Aves 
 
      x 
little blue heron Egretta caerulea Aves x         
marsh wren Cistothorus palustris Aves 
 
x x     
mourning dove Zenaida doves Aves 
 
  x   x 
northern cardinal Cardinalis cardinalis Aves 
 
x x     
osprey  Pandion haliaetus Aves x   x   x 
ovenbird Seiurus aurocapilla Aves 
 
x x     
red-shouldered hawk Buteo lineatus Aves x x       
snowy egret Egretta thula Aves x     x   
tri-colored heron Egretta tricolor Aves x         
turkey vulture Cathartes aura Aves 
 
      x 
white ibis Eudocimus albus Aves x x   x   
wood stork Mycteria americana Aves 
 
x   x   
black bear Ursus americanus Mammalia x x       
bobcat Lynx rufus Mammalia 
 
x x     
common raccoon Procyon lotor Mammalia x x x   x 
        47	  
Table 6. cont.        
        
Species common name Scientific Name Class Pinelands 
Hardwood 
Hammock 
Marsh 
Prairie 
Cypress 
Swamp 
Mangrove 
Estuary 
cotton mouse Peromyscus gossypinus Mammalia x x x x x 
 
Florida manatee 
Trichechus manatus 
latirostris Mammalia 
 
      x 
Florida panther Puma concolor coryi Mammalia 
 
x       
grey squirrel Sciurus carolinensis Mammalia 
 
x       
marsh rabbit Blarina brevicauda Mammalia 
 
  x     
North American river otter Lontra canadensis Mammalia 
 
x   x   
Virginia opossum Didelphis virginiana Mammalia 
 
x x     
white-tailed deer Odocoileus virginianus Mammalia 
 
x       
American alligator 
Alligator 
mississippiniensis Reptilia x x x x x 
broad-headed skink Eumeces laticeps Reptilia 
 
  x     
brown anole Anolis sagrei Reptilia x x x x x 
Florida cottonmouth (water moccasin) 
Agkistrodon piscivorus 
conanti Reptilia x x x x   
ground skink Scincella lateralis Reptilia x         
peninsula cooter 
Chrysemys floridana 
peninsularis Reptilia     x     
Florida softshell turtle Apalone ferox Reptilia x x x x   
 
  Total Number of Species % of Total           
Amphibia 1 2.3 
 
0          1  0     0                   0 
Aves 24 55.8 
 
11         12          10      8                   10 
Mammalia 11 25.6 
 
     3                9   5     2                    3 
Reptilia 7 16.3 
 
                               5                4   6       4                    2 
Total 43 100.0                                      19            26           21     14                  15 	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Figure 10.  Vertebrate class diversity by percent frequency observed in Big Cypress National Preserve and 
Fakahatchee Strand State Park. 
  
 The hardwood hammock habitat had twenty-six different species observed during 
the study, making it the most species rich of the five habitats.  The marsh prairie was the 
second most species rich, with twenty-one different species recorded.  The cypress 
swamp and mangrove estuary habitat exhibited the least amount of species variation with 
cypress swamp having a total of fourteen species observed and mangrove estuary with 
fifteen.  The pinelands had a total of nineteen species observed, bringing it into the very 
middle; mean species richness for the five habitats was nineteen (Figure 11). 
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Figure 11.  Percent frequency of species observed by habitat type in Big Cypress National Preserve and 
Fakahatchee Strand State Park ranging from highest to lowest elevation. 
 
 
3.2.2 Total Variation of Species by Season 
 
 The hardwood hammock and cypress swamp habitats were the most similar in 
relation to species appearing year-round.  The pinelands, marsh prairie, and mangrove 
estuary showed a fairly even level of species fluctuation between wet and dry seasons 
(Table 8).   	  
35 33 
49 
60 
44 
0 
10 
20 
30 
40 
50 
60 
70 
80 
Mangrove 
Estuary 
Cypess Swamp Marsh Prairie Hardwood 
Hammock 
Pinelands 
%
 F
re
qu
en
cy
 
Habitats 
Table 7.  List of species observed by game camera or as an opportunistic field sighting(*) for each habitat in Big Cypress National Preserve and Fakahatchee 
Strand State park 
 
Habitat Species common name Scientific Name Wet Dry Both 
Pinelands (P) 
  
      
  American alligator Alligator mississippiniensis  x x x 
  anhinga Anhinga anhinga x* x x 
  bald eagle* Haliaeetus leucocephalus   x   
  black bear Ursus americanus x     
  black crowned night heron Nyctanassa violacea   x   
  brown anole* Anolis sagrei x x x 
  common raccoon Procyon lotor x     
  cotton mouse Peromyscus gossypinus x     
  Florida cottonmouth (water moccasin)* Agkistrodon piscivorus conanti x x x 
  double-crested cormorant Phalacrocorax auritus    x   
  great egret Ardea alba x* x x 
  ground skink Scincella lateralis x     
  little blue heron Egretta caerulea   x   
  osprey* Pandion haliaetus x x x 
  red-shouldered hawk Buteo lineatus   x   
  snowy egret Egretta thula   x   
  Florida softshell turtle Apalone ferox x x x 
  tri-colored heron Egretta tricolor   x   
  white ibis Eudocimus albus x x x 
Total species for habitat 19   12  15 8 
Relative Frequency to all species observed 0.44      0.42 
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Table 7. cont. 
 
Habitat Species common name Scientific Name Wet Dry Both 
Hardwood Hammock (HH) 
 
      
  American alligator Alligator mississippiniensis x x x 
  American crow Corvus brachyrhynchos x x x 
  barred owl Strix varia   x   
  black bear Ursus americanus x x x 
  black crowned night heron Nyctanassa violacea x x x 
  bobcat Lynx rufus x* x x 
  brown anole* Anolis sagrei x x x 
  common grackle Quiscalus quiscula   x   
  common raccoon Procyon lotor x x x 
  cotton mouse Peromyscus gossypinus x x x 
  Florida cottonmouth (water moccasin)* Agkistrodon piscivorus conanti x x x 
  southern dusky salamander Desmognathus auriculatus x     
  Florida panther* Puma concolor coryi x x x 
  great blue heron Ardea herodias x x x 
  great egret Ardea alba   x   
  grey squirrel Sciurus carolinensis x* x x 
  marsh wren Cistothorus palustris   x   
  north american river otter Lontra canadensis x* x x 
  northern cardinal Cardinalis cardinalis x     
  ovenbird Seiurus aurocapilla x x x 
  red-shouldered hawk Buteo lineatus x x x 
  Florida softshell turtle Apalone ferox   x   
  Virginia opossum Didelphis virginiana x x x 
  white ibis Eudocimus albus   x   
  white-tailed deer Odocoileus virginianus x x x 
  wood stork  Mycteria americana   x   
Total species for habitat 26 19   24 17 
Relative Frequency to all species observed 0.60     0.65 
 
 52	   	  
Table 7. cont. 
 
Habitat Species common name Scientific Name Wet Dry Both 
Marsh Prairie (MP)   
 
      
  American alligator Alligator mississippiniensis x x x 
  anhinga Anhinga anhinga x* x x 
  black crowned night heron Nyctanassa violacea x     
  bobcat Lynx rufus   x   
  broad-headed skink Eumeces laticeps x     
  brown anole Anolis sagrei x x* x 
  common moorhen Gallinula chloropus x* x x 
  common raccoon Procyon lotor x     
  cotton mouse Peromyscus gossypinus x x x 
  Florida cottonmouth (water moccasin)* Agkistrodon piscivorus conanti x x x 
  great blue heron Ardea herodias   x   
  great egret Ardea alba   x   
  marsh rabbit Blarina brevicauda x x x 
  marsh wren Cistothorus palustris x     
  mourning dove Zenaida doves x     
  northern cardinal Cardinalis cardinalis x x x 
  osprey * Pandion haliaetus x x x 
  ovenbird Seiurus aurocapilla   x   
  penninsula cooter Chrysemys floridana peninsularis x     
  Florida softshell turtle Apalone ferox x     
  Virginia opossum Didelphis virginiana x     
Total species for habitat 
Relative Frequency to all species observed 
21  17  13 9 
0.49     0.42 
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Table 7. cont.      
      
Habitat Species common name Scientific Name Wet Dry Both 
Cypress Swamp (CS) 
  
      
  American alligator Alligator mississippiniensis x x x 
  anhinga Anhinga anhinga x* x x 
  black crowned night heron Nyctanassa violacea   x   
  brown anole* Anolis sagrei x x* x 
  common grackle Quiscalus quiscula x x x 
  cotton mouse Peromyscus gossypinus x     
  Florida cottonmouth (water moccasin)* Agkistrodon piscivorus conanti x x* x 
  great blue heron Ardea herodias x x x 
  great egret Ardea alba x* x x 
  North American river otter* Lontra canadensis   x   
  snowy egret Egretta thula   x   
  spiny softshell turtle Apalone ferox   x   
  white ibis Eudocimus albus x* x x 
  wood stork Mycteria americana x* x x 
Total species for habitat 14  10  13 9 
Relative Frequency to all species observed 0.33     0.64 
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Table 7. cont. 
 
Habitat Species common name Scientific Name Wet Dry Both 
Mangrove Estuary (ME) 
 
      
  American alligator Alligator mississippiniensis x x x 
  anhinga Anhinga anhinga x* x x 
  black vulture Coragyps atratus x x* x 
  brown anole Anolis sagrei x x* x 
  common grackle Quiscalus quiscula   x   
  common moorhen Gallinula chloropus   x   
  common raccoon Procyon lotor x     
  cotton mouse Peromyscus gossypinus x     
  double-crested cormorant Phalacrocorax auritus    x   
  Florida manatee* Trichechus manatus latirostris   x   
  great blue heron Ardea herodias x x x 
  green heron Butorides virescens   x   
  mourning dove Zenaida doves   x   
  osprey* Pandion haliaetus x x x 
  turkey vulture Cathartes aura x* x x 
Total species for habitat 15  9 13  7  
Relative Frequency to all species observed 0.35     0.47  
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 The wet and dry seasons in Big Cypress National Preserve and Fakahatchee 
Strand State Park showed a very minimal change of total species assemblage seen by 
season (Figure 12).  Though when this was further broken down to species observed by 
habitats, a more profound difference appeared (Figure 13).  Birds were seen most 
frequently in the dry season for all five of the habitats.  Mammals on the other hand, were 
more frequently observed during the wet season for each habitat; marsh prairie was the 
least pronounced, with five mammals observed in wet season and four in dry.   The 
reptiles were the most diverse by season, with species sightings being most frequent in 
thewet season for the pinelands, marsh prairie, and mangrove estuary.  For the hardwood 
hammock and cypress swamp habitats, reptile species were observed more frequently in 
the dry season, though the difference in species sightings by season was very minimal.  
 
 
         
 
Figure 12.  Species diversity per wet and dry season for all habitat types in Big Cypress National Preserve 
and Fakahatchee Strand State Park. 	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Figure 13.  Percent frequency of vertebrate classes per habitat during wet and dry seasons in Big Cypress National Preserve and Fakahatchee Strand State Park. 
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 The similarities between habitats for the entire study period showed that the 
hardwood hammock and marsh prairie habitats were the most similar to each other (Table 
9, Figure 14).  For all species observed, the proportional similarity was 66.5%, Reptilia 
78.5%, Aves 62.5%, and Mammalia 68%.  Each of these values showed the highest 
proportional similarity for each grouping.  The mangrove estuary was found to be the 
outlier; it was the least similar to all the other habitats for all groupings except class 
Mammalia where it came in second to last with a 59% similarity to the pinelands, 
hardwood hammock, and marsh prairie habitats with cypress swamp having the lowest 
value of 55.1% similarity to the other habitats.  Class Reptilia showed the strongest 
similarities between the pinelands, hardwood hammock, marsh prairie, and cypress 
swamp all being 78.5%. 
 
Table 8.  Similarity matrices of species and vertebrate classes by habitats during both seasons combined. 
 
All Species 
 
Reptiles 
  P HH MP CS ME 
 
  P HH MP CS ME 
P - 0.26 0.23 0.23 0.16 
 
P - 0.57 0.57 0.57 0.29 
HH    - 0.33 0.28 0.14 
 
HH    - 0.57 0.57 0.29 
MP      - 0.21 0.21 
 
MP      - 0.57 0.29 
CS        - 0.14 
 
CS       -  0.29 
ME          - 
 
ME          - 
 
Aves  
 
Mammals  
  P HH GP CS M 
 
  P HH MP CS ME 
P - 0.17 0.17 0.21 0.13 
 
P - 0.27 0.18 0.09 0.18 
HH    - 0.25 0.25 0.08 
 
HH   -  0.36 0.18 0.18 
MP      - 0.17 0.21 
 
MP     -  0.09 0.18 
CS        - 0.13 
 
CS        - 0.09 
ME          - 
 
ME         -  
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   (a) All Species           (b) Class Reptilia 
 
 
 
 
 
 
 
          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
   (c) Class Aves          (d) Class Mammalia                                       
 
 
 
Figure 14:  Dendrograms of vertebrate species and class hierarchical clustering by habitats from March 9, 
2013 through to January 12, 2014 using an Unweighted Pair Group Method with Arithmetic mean 
Algorithm (UPGMA).   P= Pinelands, HH= Hardwood Hammock, MP= Marsh Prairie, CS= Cypress 
Swamp, and ME= Mangrove Estuary. 
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During the wet season, the pinelands and marsh prairie showed the strongest 
similarities for all the species observed (61.5%) and the reptiles (78.5%) (Table 10, 
Figure 15).  The pinelands also showed the strongest similarity to the cypress swamp in 
the Aves group (59%) and to hardwood hammock for class Mammalia (65%).  The 
cypress swamp was the least similar to any other habitat for all species observed (56.8%) 
and mammals (55%) during the wet season.  The mangrove estuary showed a 66.2% 
similarity to the other habitats for all the reptiles observed, making it the outlier.  Aves 
class had a fairly even distribution in the pinelands and cypress swamp which showed a 
59% similarity.  The mangrove estuary was 56% similar to the pinelands/cypress swamp 
cluster and hardwood hammock and marsh prairie had 56% similarity to each other.   
 
 
Table 9. Similarity matrices of species and vertebrate classes by habitats during wet season. 
 
All Species                  Reptiles  
  P HH GP CS M 
 
  P HH GP CS M 
P - 0.17 0.23 0.2 0.17 
 
P - 0.43 0.57 0.43 0.29 
HH    - 0.23 0.14 0.14 
 
HH    - 0.43 0.43 0.43 
MP     -  0.14 0.17 
 
MP     -  0.43 0.29 
CS       -  0.14 
 
CS       -  0.29 
ME         -  
 
ME          - 
 
Aves  
 
Mammals  
  P HH GP CS M 
 
  P HH GP CS M 
P - 0 0.12 0.18 0.12 
 
P - 0.3 0.2 0.1 0.2 
HH    - 0.12 0.06 0.06 
 
HH   -  0.3 0.1 0.1 
MP      - 0.06 0.12 
 
MP      - 0.1 0.2 
CS        - 0.12 
 
CS       -  0.1 
ME         -  
 
ME         -  
 
 
 
. 
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         (c) Class Aves                  (d) Class Mammalia 
 
 
  
Figure 15:  Dendrograms of vertebrate species and class hierarchical clustering by habitats during wet 
season, May 18, 2013 through to October 10, 2013, using an Unweighted Pair Group Method with 
Arithmetic mean Algorithm (UPGMA).   P= Pinelands, HH= Hardwood Hammock, MP= Marsh Prairie, 
CS= Cypress Swamp, and ME= Mangrove Estuary. 
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 For the dry season, the hardwood hammock and cypress swamp habitats showed 
the strongest similarities for all species observed (64%), Reptilia (99.9%), and Aves 
(62.5%) (Table 11, Figure 16).  The hardwood hammock and marsh prairie again showed 
the strongest similarity for the Mammalian class with a 59% similarity.  The reptile group 
showed a very strong similarity of 99.9% for the pineland, hardwood hammock, and 
cypress swamp habitats.  The mangrove estuary was consistently the outlier during the 
dry season.  It was the least similar in every category coming in at 56.8% similarity to the 
other habitats for all the species observed; 75% for the reptiles, 58.5% for the bird 
species, and 50% for the mammals.  The pinelands also showed a value of 50% similarity 
to the other habitats for the mammal species.  
 
Table 10. Similarity matrices of species and vertebrate classes by habitats during dry season. 
 
All Species  
 
Reptiles  
  P HH GP CS M 
 
  P HH GP CS M 
P - 0.21 0.15 0.23 0.13 
 
P - 1 0.75 1 0.5 
HH    - 0.21 0.28 0.1 
 
HH   -  0.75 1 0.5 
MP      - 0.15 0.15 
 
MP     -  0.75 0.5 
CS        - 0.13 
 
CS       -  0.5 
ME         -  
 
ME         -  
 
Aves  
 
Mammals 
  P HH GP CS M 
 
  P HH GP CS M 
P - 0.17 0.13 0.21 0.13 
 
P - 0 0 0 0 
HH    - 0.13 0.25 0.08 
 
HH    - 0.18 0.09 0 
MP      - 0.13 0.17 
 
MP     -  0 0 
CS        - 0.13 
 
CS        - 0 
ME         -  
 
ME          - 
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        (a) All Species                (b) Class Reptilia 
 
 
 
 
 
 
 
           
 
 
                              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        (c) Class Aves                (d) Class Mammalia 
 
 
 
Figure 16:  Dendrograms of vertebrate species and class hierarchical clustering by habitats during dry 
season, March 9, 2013 through to May 17, 2013, and October 11, 2013 through to January 12, 2014, using 
an Unweighted Pair Group Method with Arithmetic mean Algorithm (UPGMA).  P= Pinelands, HH= 
Hardwood Hammock, MP= Marsh Prairie, CS= Cypress Swamp, and ME= Mangrove Estuary. 
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3.3 River Otter Assemblage in Fakahatchee Strand State Park (FSSP) Over a 
Ten-Year Period. 
3.3.1 River Otter Variation Over Time in FSSP 
 River otter data from FSSP were categorized by otter sightings from Park 
biologist, Mike Owen, and then by Park staff.  When only viewing Mike Owen’s river 
otter sightings, his yearly counts stayed between two to six otters over the ten-year time 
span (Figure 17).   Staff sightings showed a larger fluctuation, ranging from years where 
there were no river otters seen, to nine otters observed in 2005 and 2011.   The least 
amount of river otters were observed in 2007, with the staff not sighting any otters and 
Mike Owen reporting three otter sightings for the year.  River otter sighting data from  
FSSP, including observed behavior, locations, and staff names which can be viewed in 
Appendix 2.  Ten of the seventy-eight river otters observed over a ten year period were 
found as roadkill; making roadkill 12% of the total otters seen (Table 11). 
 
 
 
Figure 17.  Living and dead river otter sightings by Fakahatchee Strand State Park Biologist, Mike Owen, 
and staff between the years 2003 and 2012. 
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Table 11. River otter sightings by FSSP Biologist, Mike Owen, and staff from 2003 to 2012.  River otters 
observed as either living or as road kill, and sightings are categorized by wet or dry season (Brown, D., 
2009; NOAA, 2011; Modella R., 2013).  
 
Date Live/Roadkill Season How Many 
10/17/03 Roadkill Wet 1 
12/2/03 Live Dry 1 
12/2/03 Live Dry 1 
12/7/03 Live Dry 1 
1/3/04 Live Dry 1 
2/15/04 Live Dry 1 
4/17/04 Live Dry 2 
6/8/04 Live Wet 1 
6/8/04 Live Wet 1 
10/30/04 Live Dry 1 
1/7/05 Live Dry 5 
2/19/05 Live Dry 1 
3/4/05 Live Dry 2 
4/7/05 Roadkill Dry 1 
7/30/05 Live Wet 1 
12/14/05 Live Dry 1 
1/5/06 Live Dry 1 
3/6/06 Live Dry 3 
4/28/06 Live Dry 3 
12/20/06 Live Dry 1 
3/28/07 Live Dry 1 
12/3/07 Live Dry 1 
1/20/08 Roadkill Dry 1 
4/5/08 Live Dry 1 
4/16/08 Roadkill Dry 1 
5/8/08 Live Dry 1 
6/2/08 Live Wet 1 
6/18/08 Live Wet 2 
1/4/09 Live Dry 1 
3/19/09 Live Dry 4 
6/1/09 Live Wet 1 
1/4/10 Roadkill Dry 1 
4/7/10 Roadkill Dry 1 
4/22/10 Live Dry 1 
9/13/10 Live Wet 5 
11/1/10 Live Dry 1 
11/13/10 Live Dry 1 
12/8/10 Live Dry 1 
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1/7/11 Live Dry 1 
1/14/11 Live Dry 2 
2/4/11 Live Dry 1 
2/7/11 Live Dry 1 
2/27/11 Live Dry 1 
3/2/11 Live Dry 2 
3/22/11 Live Dry 1 
4/12/11 Live Dry 1 
5/4/11 Roadkill Dry 2 
6/19/11 Live Wet 1 
11/26/11 Live Dry 1 
4/2/12 Live Dry 1 
4/26/12 Live Dry 1 
5/15/12 Roadkill Wet 1 
6/27/12 Live Wet 4 
12/3/12 Live Dry 1 
Total otters              78 
Living 
 
           69 
Roadkill 
 
            9 
Wet Season 
 
          18 
Dry Season             59 	  
3.3.2 River Otter Variation by Season in FSSP 
 A total of seventy-eight river otters were observed by Mike Owen and FSSP staff 
from 2003 through to 2012.   Of these seventy-eight sightings, sixty were during the dry 
season and nineteen in wet (Figure 18).  Wet and dry season dates change yearly.  Dates 
for each year were found through the National Oceanic Atmosphere Association and the 
Miami-South Florida National Parks Service.  A breakdown of river otter sightings by 
date and season by Mike Owen and FSSP staff can be viewed in Chapter 1, Table 2. 
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Figure 18.  All living and dead river otter sightings by Fakahatchee Park Biologist, Mike Owen, and staff 
during the years of 2003 through 2012 in relation to wet or dry season.   
 
3.4  Questionnaires 
 One hundred questionnaire packets were made.  Staying within Park regulations, 
ninety-two packets were handed out only to park employees, and of those, nine were 
mailed back.  Of the nine questionnaires returned, three people reported that they did not 
observe river otters in either Fakahatchee Strand State Park or Big Cypress National 
Preserve within a twelve-month time frame.  The six people who did observe river otters 
all reported to have seen multiple river otters.  Two reported to have seen a yearly total of 
between four to five otters, three reported to have seen six to seven otters, and one person 
reported to have seen eight to nine otters.  They all reported to see river otters in groups 
of two to three or lone individuals.  Five of the six people who observed river otters in 
groups, also reported to have seen juveniles within the groupings.   River otters were 
most consistently sighted along Loop Road, which is the trail where the cypress swamp 
cameras were deployed.   The final question on the survey was:  
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13)  From your observations, would you say that over time the otter population is:  
A. Increasing      B. Decreasing      C. About the same      D. I don’t know.  
The consistent response for this question was the populations were staying the same, with 
four of the six people all answering this way.  One person chose that the population was 
increasing, and the last person said they did not know.  Statistical tests were not 
conducted on the questionnaires due to low return volume (n = 9). 
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Chapter 4 Discussion:  An Analysis of all Vertebrates Observed 
 
4.1 Variation of River Otters by Habitat and Season 
There are only three marine mammals common to the Florida Everglades, the 
North American river otter, the Florida manatee, and the Atlantic bottlenose dolphin 
(Lodge, 2005).   Since river otters are semi-aquatic, they are the only one of the three that 
can occur throughout the Everglades.  River otters are typically found in freshwater 
ecosystems but will venture into marine and brackish environments in search of food 
(Ellis, 2003; EPA, 2014). 
Through the course of the study period, nine otters were observed by game 
camera or opportunistic sightings.  The majority of the sightings occurred in the 
hardwood hammock with a frequency of 66.7% of all sightings, 33.3% of the sightings 
occurred in the cypress swamp.   Both hardwood hammock and cypress swamp habitats 
provide an ideal home for river otters; the dense shade and year round fresh water 
availability keep the ambient temperature of these two habitats cool.  The unique 
limestone properties of the hardwood hammock create fluctuations in elevation that 
provide a perfect environment for semi-aquatic animals, having both dry land and water 
sources year-round.  The cypress swamp, having a lower elevation, becomes water 
saturated during wet season (Lodge, 2005).  This is beneficial for river otters’ aquatic 
needs, but any of their land-based activities (latrine sites) are limited.   
Most of the river otters observed were during the dry season.  River otters in the 
Everglades are not migratory, so fluctuation of sightings does not necessarily represent 
changes in population (EPA, 2014).  These sighting differences can be explained by their 
semi-aquatic nature.  When a large portion of their habitat is underwater, as it is in wet 
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season, their swimming range increases drastically.  River otters are fast and agile while 
in the water, but are less so when on land (Lariviere, 1998; Ellis, 2003; Hill 2005; EPA, 
2014; IDNR, 2014).  River otters are easily observed on land due to their limited 
mobility, and their identifiable lopping gait (IDNR, 2014).  
Three river otters were sighted by game camera during a singular event on April 
18, 2013.  This makes camera captures less frequent than opportunistic sightings.  This is 
not due to camera malfunction, but simply the cameras were not fast enough to catch 
river otters swimming.  The river otters being captured by the game camera on April 18 
was due to a combination of the shallow nature of the pond, and the otters prolonged 
activity time in it.  On October 9, 2013, a river otter was opportunistically observed 
swimming in the vicinity of cameras two and three in the hardwood hammock.  Both 
cameras detected motion and took a series of pictures, but none of these captured the 
otter.  Since it was near the end of wet season, the pond was deep enough that the river 
otter could stay completely submerged while swimming.  This helped indicate that the 
game cameras were not quick enough to capture an actively swimming otter in a pond 
that has the depth allowing for underwater maneuverability.   
Baiting methods also showed little impact on river otter captures.  The only event 
where river otters were caught by game camera was eight days after the last baiting event.  
The river otters were never photographed exiting the water to investigate where the bait 
had been left.      
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4.1.1 Camera Relocation 
Due to unforeseen natural circumstances, nine cameras had to be relocated.  Two 
camera sets were set up in new locations (tropical hardwood hammock, and mangrove 
estuary), and one individual camera in the pinelands had to be moved. 
As water levels rose during wet season, a large portion of the trail leading to the 
tropical hardwood hammock cameras had become submerged.  At its peak, the water was 
three quarters of a meter deep.  Moving the cameras was not a consideration until the 
author had a close encounter with a water moccasin and an alligator on the same day, 
while wading through the water.  On the first of September 2013, the cameras were 
moved, staying on the same trail, but on the east side of the washed out section (Figure  
19). 
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Figure 19.  GIS map of hardwood hammock camera locations.  Camera set 1 field time from March 16, 
2013 through to September 1, 2013, camera set 2 field time from September 1, 2013 through to January 12, 
2014. 
 
 
The other set of cameras that were relocated were in the mangrove estuary.  The 
original area where the cameras were deployed is a popular area for fishermen.  
Mangroves grow in thick clumps, and the areas that were available to set cameras were 
also the exact areas used by fishermen.  To keep the cameras safe from theft, they were 
placed one to two meters away from these open areas.  This required entering the water 
and swimming to them; in most areas this was chest deep.  Mangroves are federally 
protected, and because of this lock boxes were not used to safe guard the cameras (Levin, 
2014).  The lock boxes were heavy, and the burden of supporting the cameras and boxes 
may have caused harm to the trees.  After the author was brushed up against by a large 
1 2
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swimming alligator (approximately two and a half meters in length), it was decided that 
this was an unsafe location and the cameras were taken down.  A new site was chosen 
behind BCNP headquarters, and within the housing area developed for the park rangers.  
This area is off limits to the general public and therefore less likely to be subjected to 
theft.  On June 19, 2013 the mangrove cameras were taken down, and were re-deployed 
behind BCNP headquarters on July 21, 2013 (Figure 20).  The lull in time was due to 
waiting for permission from BCNP to install the cameras on the property.   
 
 
 
 
Figure 20.  GIS map of mangrove estuary camera locations.  Camera set 1 field time from March 9, 2013 
through to June 19, 2013, camera set 2 field time from July 21, 2013 through to January 9, 2014. 
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 One individual camera in the pinelands needed to be moved due to an alligator 
nest.  The mother alligator made a nest on the opposite side of the bank directly adjacent 
from the camera location.  The alligator became territorial and exhibited extremely 
aggressive behavior.  The camera was taken down and moved on May 12, 2012.  This 
was the first camera in the deployment line.  Once removed it was placed at the end of 
the line, sixty meters away from the last camera, thus changing it from camera one to 
camera four.   No further territorial problems were encountered with the mother alligator 
once the first camera was moved.  Since the cameras were outside her aggression zone, I 
do not believe the nest would affect river otter activities along the camera deployment 
line.   
4.2 Variation of all Species and Classes by Habitat and Season 
More than half the species seen occurred in the hardwood hammock habitat.  The 
protective canopy and year round freshwater and dry land availability is ideal not just for 
river otters but many vertebrate species (Lodge, 2005).  Since most species were 
observed in this habitat, it was near to always clustered in the highest proportional 
similairty between classes and seasons.  The only exception being reptiles observed in the 
wet season, where it came in second showing a 71.5% similarity to the pineland-marsh 
prairie cluster.  
Both the cypress swamp and hardwood hammock are stable environments.  The 
relative frequency of species that were observed year-round was highest for these two 
habitats; hardwood hammock had 65% of its species observed occurring year-round, and 
cypress swamp had 64%.  During the dry season, freshwater sources decrease.  For the 
higher elevated habitats like the pinelands, canals lose water in the dry season causing 
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aquatic and semi-aquatic animals to relocate.  For the habitat with the lowest elevation, 
the mangrove estuary, freshwater scarcity causes the brackish water to become more 
saline, which may compromise the thresholds of some of its residents.  The lack of 
freshwater available in this environment restricts the kinds of species that visit it.  
Because of this, it had the least species similarities and was an outlier 67% of the time 
(eight out of twelve analyses).   
When all the species observed by season were viewed, the distribution was almost 
even.   This indicates that seasons do not affect species distribution, which is not the case.  
Different species have different needs, which when broken down into classes, clear trends 
between seasons appear.  Although the species numbers by season remained relatively 
constant, actual classes present during the dry compared to wet seasons changed.   
The majority of the species observed during the study were in the Aves class.  The 
Florida Everglades is known for being a bird rich ecosystem.  A total of 400 species have 
been documented in the Everglades; 60% of these being migratory birds, leaving 40% as 
yearly residents (Lodge, 2005).  The birds showed a fairly even level of distribution 
amongst habitats and were observed more frequently in the dry season.  Dry season is the 
longer of the two seasons, typically lasting seven months, but it is also during dry season 
that yearly migratory birds pass through or winter over in the Everglades.  Each habitat 
showed a higher percentage of bird sightings in the dry season.  The most pronounced of 
the five habitats that exhibited this was in the pinelands with a 73% sighting frequency.  
The least variation between seasons was in the cypress swamp habitats.  These 
ecosystems differ in both elevation and flora.  The cypress swamps are low in elevation 
and water saturated year-round with thick vegetation.  This ecosystem along with the 
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hardwood hammock are ideal for wading birds, many of which are year-round residents 
to Florida.  The cypress swamp and hardwood hammock showed the highest proportional 
similarity for the Aves group.  Both of these habitats are popular for wading and 
predatory birds because of the year round water bodies holding fish stocks.  For the 
migratory birds, the pinelands were most similar to their northern habitats when 
compared to the saturated and swampy ecosystems found in the Everglades.   During the 
wet season when the migratory birds were not present, it is the pinelands and the cypress 
swamp habitats that show the highest percent proportional similarity of the five habitats.  
Though these two were the most similar, there was not a wide distance between all the 
habitat clusters, showing a fairly even level of bird species distribution between the 
habitats in wet season.  The availability of water throughout the Everglades during the 
wet season allowed for an expanded habitat range for water-dependent bird species.  
When looking at the similarity for all the bird species between habitats, it was the 
mangrove estuary that is the outlier, having the least birds in common with the other 
habitats.     
The Florida Everglades is also well known for its’ reptiles, specifically the 
American alligator and the American crocodile.  Most reptile sightings occurred in the 
marsh prairie habitat, and the least were in the mangrove estuary.  The mangrove estuary 
had the lowest reptile proportional similarities with the other habitats not only throughout 
the whole study period, but also seasonally.  The mangrove estuary is a brackish 
environment and the majority of the aquatic reptiles in the Everglades are freshwater 
species (Lodge, 2005).  The marsh prairie is made of dense freshwater plants and is 
clearly identified by its tall cattails, alligator flag, and sawgrass expanses.  The sawgrass 
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is difficult to pass through for many animals due its sharp blades; this poses no problem 
for tough-skinned reptiles.  It was the pinelands and marsh prairie that showed the highest 
proportional similarity of reptile species.  During the dry season the pinelands, hardwood 
hammock, and cypress swamp had an astounding 99.9% proportional similarity of reptile 
species observed.  With the exception of the ground skink seen in the pinelands, all three 
habitats had the same reptile species observed during the wet season.  The mangrove 
estuary is not a freshwater environment, and the marsh prairie has little to no tree cover 
yet is thick with vegetation; this makes the other three environments very similar when 
water levels are high. (Lodge, 2005).   
The hardwood hammock housed the most mammals.  Three species, the Florida 
panther, the grey squirrel, and the white-tailed deer, were only observed in the hardwood 
hammock habitat.  The hardwood hammock is preferable for mammals due to its 
protective shade and its consistent availability of both freshwater and dry land.  The 
hardwood hammock and marsh prairie showed the highest percent proportional similarity 
of mammalian species during the wet and dry seasons.  These two habitats also showed 
high similarities for all the species seen, and all the reptiles observed during the study 
period.  These two habitats were the highest for total species sightings; thus allowing for 
a larger range of overlap and therefore species similarities.  
Mammal sightings occurred most frequently in the wet season, with the most 
pronounced being the pinelands where mammals were only observed during this season.  
During the wet season available dry land shrinks significantly.  Mammals that are not 
semi-aquatic (like the river otter) are more likely to be sighted on dry, higher-elevated 
land during wet season for this very reason.  With the pinelands being the highest in 
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elevation of the five habitats, it is no surprise that mammals would relocate to this habitat 
during wet season.   
Only one amphibian, the southern dusky salamander, was observed during this 
entire study and was caught on camera in the hardwood hammock habitat during wet 
season.  Pig frogs were frequently heard but were never sighted, therefore could not be 
counted as an opportunistic sighting.  The Everglades is a perfect habitat for amphibians, 
allowing them to stay warm and wet near to year-round (Lodge, 2005).  Amphibian 
declines have been used as ecosystem bio-indicators; their sensitive skin makes them less 
tolerant to pollutants and environmental changes (Rice, et al., 2014).  Rice et al., are 
currently conducting a study in the Everglades assessing amphibian populations and 
comparing it to hydrological changes occurring with the progress of the Comprehensive 
Everglades Restoration Project.   
4.3 Variations of River Otters Over a Ten-Year Observational Time Period in 
Fakahatchee Strand State Park (FSSP) 
 From October 17, 2003 through December 3, 2012, seventy-eight river otters 
were sighted by FSSP staff and Park biologist, Mike Owen.  River otter sightings 
consisted of physical bodies, living or dead.  The dead bodies were all in the form of 
roadkill, making up 12% of the total sightings.  When looking at the yearly average of 
otter sightings, roadkill constituted more than a years’ worth, which is alarming.  More 
than half of these road kills occurred on U.S. Highway 41, which is also known as 
Tamiami Trail (Figure 3, Appendix 2).  This roadway passes through significantly less 
portions of the FSSP then does State Road 29.  The main difference that can be attributed 
to the increased road related deaths on Tamiami Trail could be explained by speed limits.  
	   79	  
State Road 29 has a maximum set speed of 45 mph, which slows down to 30 mph 
through panther crossings.  Tamiami Trail on the other hand, has a daytime maximum 
speed set to 65 mph going through FSSP, which is reduced to 45 mph at night.  The 
increased speed gives both driver and animal less reaction time for mutual avoidance.   
 The Park biologist and staff had near to equal frequency of sightings, with Mike 
Owen having a slightly higher rate of observation at forty-three river otters over the ten-
year time span, and the staff collectively seeing thirty-five (Appendix 2).  Staff 
observations show more dramatic highs and lows for yearly sightings, while Mike 
Owen’s observations stay within a much narrower range.  When looking at the separation 
of the staff and biologist sightings, the consistent data from a singular person that is 
scientifically trained is the better choice for analysis.  Mike Owen’s data shows that 
though river otter populations showed variation, there was an average of four otter 
sightings per year.  The only year where staff and biologist data showed a similar trend 
was in 2007 where there is a drop in river otter sightings, with the staff not having sighted 
any otters.  This might be explained by raccoon resource competition.  
 In 2005, a fatal canine distemper virus (CDV) broke out in FSSP, which affected 
both mink and raccoons (Cunningham et al., 2009).  The most common vertical 
transmission of the CDV is from fleas (Trebbien et al., 2014). During a phone interview 
with Mike Owen, he relayed that the mink and raccoon populations drastically declined 
during the CDV outbreak, but the raccoons recovered in 2007 where populations soared.  
Since raccoons and river otters share many different resources, it is highly possible that 
raccoon populations can be a limiting factor for river otters.   
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 In Mike Owen’s data, it can also be seen that there were decreased river otter 
sightings in 2005 and 2010.  These might be explained by weather related events that 
could cause negative impacts on all life in the Everglades.  In 2005, Hurricane Wilma 
made landfall in the Ten Thousand Islands at Cape Romano, which is less than ten miles 
from FSSP.  Wilma made landfall as a category three hurricane with wind speeds up to 
190 km/h.  In 2010, a strong La Niña event occurred.  La Niña is characterized by 
unusually dry and cold weather patterns (NOAA, 2012).  For a semi-aquatic species like 
the river otter, reduced water availability would be a stressful factor affecting otter health 
and therefor population.  Mike Owen’s observation showed the most pronounced decline 
in sightings in 2007.  This indicates that resource competition of raccoons is the strongest 
limiting factor for river otters.  
The majority of the river otter sightings for FSSP staff and biologist occurred 
during the dry season, with fifty-nine of the seventy-eight observations.  This data 
matches with my seasonal findings; strongly suggesting that river otter sightings are more 
likely to occur when the habitats are less water saturated.    
4.4 Questionnaires 
 Ten percent of the questionnaires handed out were filled out and returned.  
Though this does not seem to be a surprising statistic, a stronger level of interest and 
feedback was expected from employees dedicated to protecting and studying the Florida 
Everglades.  Perhaps better responses would have occurred from conducting personal 
interviews with Park employees.   
The nine questionnaires that were returned aided in overall insight of river otter 
sightings in Fakahatchee Strand State Park and Big Cypress National Preserve.  All nine 
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individuals were employees of the two Parks and regularly entered them for work and 
recreation.  Six of the nine people saw river otters.  From the six, all of them reported to 
have seen river otters as individuals or in groups of two to three.  The majority of the 
otters sighted were on Loop Road, which also happened to be where the cypress swamp 
cameras were deployed.  Of the six people that observed river otters, four of them 
reported that populations did not appear to be changing, and one stated that populations 
appeared to be rising.  This, along with Mike Owen’s yearly sighting data, seems to 
portray positive indications of river otter population health stability.   It should be noted 
though, that three of the questionnaires returned reported no river otter sightings over the 
course of a year.    
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Chapter 5 Summary and Conclusion: Everglades Monitoring of 
Ecosystem Health as the CERP Progresses and Future Study 
Recommendations 
5.1 Overall Summary Points 
• River otters are most commonly sighted in the hardwood hammock habitat. 
• River otters are most likely to be sighted during the dry season. 
• Everglades species health should be monitored as the CERP continues. 
• River otter deaths in the form of vehicular collisions can be avoided if 
preventative measures are put into place. 
• Further studies on river otters can be a useful tool for monitoring Everglades 
ecosystem health. 
5.2 River Otter Habitat Preferences and Seasonal Variation in the Everglades 
 River otters were most frequently sighted in the hardwood hammock.  During the 
study period, a total of nine river otter sightings occurred.  Of those nine sightings, six 
occurred in the hardwood hammock habitat.  Furthermore, when areas were being 
explored for camera deployment, there were an additional four river otter sightings in the 
hardwood hammock habitat.   The hardwood hammock is an ideal habitat for river otters 
due to its unique nature of patched elevations from the limestone foundation (Lodge, 
2005).  As semi-aquatic mammals, river otters require both water and land for their 
biological needs.   All other habitats in the Everglades undergo more dramatic changes 
during the wet and dry season.  During the dry season, the freshwater availability in the 
higher elevations greatly decreases, and during the wet season the cypress swamp can 
become thoroughly inundated with water having very little if not any dry land.  The 
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mangrove estuary and grass prairies are less favored by river otters (Humphrey & Zinn, 
1982; Lariviere & Walton, 1998;).    River otters prefer habitats that are densely shaded, 
have rocky vertical banks, and deep pools (Tesky, 1993; Dubuc, 1990; Lariviere & 
Walton, 1998;).  The marsh prairie is a densely vegetated wetland with very few canals, 
which make it difficult to pass through for a medium sized mammal like the river otter.  
Though the river otters are known to enter into brackish and marine environments in 
search of food, the mangrove estuary is not an opportune environment for a river otter.  
The mangroves create very little shade, and the dense growth along the canals makes it 
difficult for semi-aquatic animals to find entry and exit points to and from land.   
 Three river otters were documented in the cypress swamp habitat along Loop 
Road.  These river otters were documented on the very last day of the dry season.  The 
cypress swamp is another opportune habitat for river otters when water levels are low.  
This allows for plenty of room for both water and land based activities.  Though only 
33% of the river otter sightings occurred in this habitat, the questionnaires showed a high 
level of river otter sightings along the cypress swamp Loop Road.  Of the five habitats, 
the hardwood hammock and the cypress swamp ecosystems are the most likely areas for 
river otter abundance.   
5.3 Comprehensive Everglades Restoration Program (CERP): Rebuilding a 
Healthy Everglades Ecosystem 
The CERP is the largest ecosystem restoration project in history (CERP, 2014).  
The Project is being led by the Army Corps of Engineers along with the South Florida 
Water Management District.  The primary objectives of this restoration Project is to 
restore the natural flow of fresh clean water, while also providing flood protection for the 
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dense populace of central and south Florida (CERP, 2014).  Restoration efforts began in 
2000 and are projected for completion in 2030, making our current time near to the 
middle of project development.    
 The Florida Everglades is a wetland environment that is fed fresh water from two 
sources; the sheet flow of from Lake Okeechobee, and from atmospheric percipitation 
(CERP, 2014).  The slow return of the natural sheet flow through the efforts of the CERP 
is vital for the sustained health and recovery of the Everglades ecosystem.  Human 
activities and processes frequently have negative effects on ecosystem health, thus it is 
important to monitor these impacts and work towards repairing the damage (LaCommare, 
et al., 2008). 
 One of the key conservational tools for monitoring ecosystem health is species 
assessments (Schmitt, et al., 2002; Rice et al., 2014).  It is our responsibility to recognize 
negative impacts we have created for species due to habitat loss.  With strong 
conservational efforts, extinctions can be prevented and species population health can be 
restored (Hoffman, et al., 2010).   
 The CERP is a model of strong and expensive conservational efforts being made 
for a large-scale ecosystem restoration.  This provides a useful baseline assessment of 
species and health in the Everglades before, during, and after the completion of the 
CERP.  The habitat that exhibited the strongest species richness was the hardwood 
hammock, having twenty-six of the forty-three species observed.  It also was the only 
habitat in which four different vertebrate classes were present, having the only 
documented amphibian.  The hardwood hammock is a habitat that is dependent on the 
availability of freshwater sources year round.  With the CERP slowly returning the 
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freshwater sheet flow along its natural course, positive impacts will be reflected in this 
habitat.  Further species richness studies in the hardwood hammock would be beneficial 
as an indicator of Everglades’ ecosystem restoration as CERP efforts progress. 
5.4 Fakahatchee Strand State Park (FSSP) Data as an Indicator of River Otter 
Health 
 The species log that was constructed by FSSP staff and biologist for river otter 
sightings provided insight into long-term river otter abundance.  The three yearly 
population declines that occurred in FSSP could all be explained by natural events.  
Though global climate change is a hot topic of concern, hurricanes and El Niño/La Niña 
events are unavoidable for south Florida. Vehicle related fatalities of river otters are 
negative impacts that could be reduced.   The Tamiami Trail is a heavily used 
thoroughfare, being the only roadway other than Alligator Alley (Interstate 75) that cuts 
completely through the Everglades, connecting the east and west coasts of south Florida.  
Reducing the speed limit along this road would be a very unpopular change and would 
likely be heavily opposed.   Another preventative measure would be to build large fences 
separating the roadway from the natural environment.  To prevent road kill events on 
Alligator Alley, large fences line both sides of the Interstate with tunnels underneath the 
road; thus reducing animal passage restrictions through the Everglades from the fences.   
Large portions of State Road 29 also have fencing to protect wildlife, more specifically 
Florida panthers.  Preventative measures along Tamiami Trail should also be seriously 
considered.   
Most of the seasonal sightings of river otters for both FSSP data and my own, 
occurred during the dry season.  Since river otters in the Everglades are non-migratory, 
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this variation of seasonal sightings is most likely due to expanded water mobility during 
the wet season.  River otters are more easily identified when they are on land.  They are 
incredibly agile and fast in the water, but on land less so.  They can swim and stay 
underwater for up to eight minutes (Ellis, 2003), and when they emerge typically only 
their head is exposed (Appendix 1, q.).  This, along with their quick swimming abilities 
makes them more difficult to observe while they are in the water.   
5.5 Recommendations for Future Studies 
 Game cameras were a useful tool for overall species analysis by habitat and 
season.  With the Everglades in a slow state of healing by the restoration of freshwater 
due to CERP efforts, monitoring species richness by habitat is a key tool for monitoring 
overall ecosystem health.  Dividing up the Everglades by habitat types, and then 
randomly scattering game cameras throughout the habitats would be an effective strategy 
for conducting this type of study; especially if it is conducted as a prolonged study to 
monitor species health as CERP development efforts continue. 
 River otters are an excellent bio-indicator for water quality improvements.  As an 
apex predator, bioaccumulation of toxins can be useful for analyzing pollutants.  Also as 
a semi-aquatic animal, it has been shown in previous studies that improved water quality 
is reflected on river otters by population and health improvements (Fortin, et al., 2001; 
Raesly, 2001).  For what appears to be a limited population of river otters in the 
Everglades, non-invasive methods are the best route for research (Garcia de Leaniz, et al., 
2006).   
In 2001, Fortin et al. released a study on mercury concentrations in river otters 
and mink as indicators of environmental contamination. No studies of this nature have 
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been conducted in the Everglades.  With large portions of the northern Everglades having 
been turned into agricultural land, and water from the CERP being rerouted back into the 
Everglades, monitoring mercury levels seems a vital study for environmental health 
(Gutlab, 2000; Lodge, 2005).  Pollutant bioaccumulation studies can be conducted by 
collecting river otter scat and tissue samples from road kill.  
 Population and abundance studies on river otters in the Everglades should be 
conducted by systematic sign surveys done on foot or by canoe (where possible) 
following canals, streams, consecutive ponds, and lakes (Swimley & Hardisky, 2000).  
Past river otter studies, monitored the presence of scat, tracks, physical bodies, and slides 
(Ben-David et al., 1998; Pardini et al., 1998; Swimley & Hardisky, 2000; Breaux, et al., 
2002; Stevens & Serfass, 2008).  In the Everglades, slides from land to water would not 
be very accurate as river otter sign since alligators enter the water in the same fashion.  
Game cameras were not a very effective method for river otter capture, with most 
sightings occurring opportunistically (not recorded by game cameras).  Several surveyors 
should be used for a study of this magnitude.  Not only are the Everglades dangerous to 
venture deep into independently, but also the vastness of it would be overwhelming for 
one or two people.  Studies should be conducted during the dry season to maximize river 
otter sightings for both the hardwood hammock and cypress swamp habitats.   
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Appendix 
 
Appendix 1.  Photographs of species recorded during study.  Photographs taken from Moultrie game cameras and Nikon CoolPix P510.  Pictures range from 
being taken before, during, and after study period.  All photos taken by Catherine and Jim Hamilton.   
 
     
(a) American alligator                 (b) barred owl                   (c) black bear 
 
 
     
(d) bobcat                  (e) Florida panther                (f) Florida panther (adult and cub) 
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Appendix 1.  cont. 
 
     
(g) great blue heron                 (h) northern cardinals (male and female)               (i) Virginia opossum  
 
 
 
 
     
(j) common raccoons    (k) red-shouldered hawk                  (l) snowy egret 
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Appendix 1.  cont. 
 
            
(m) tri-colored heron (with snowy egrets)               (n) water moccasin    (o) white-tailed deer 
 
 
 
 
 
     
(p) river otter scat                (q) exposed river otter head              (r) damaged game camera from animal tampering 
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Appendix 2.  River otter sightings by Fakahatchee Strand State Park biologist, Mike Owen, and Park staff from October 17, 2003 through to December 3, 2012. 
 
Date Time Count Location Observer Description 
10/17/03 1135 1 Janes Scenic Drive Mike Owen Roadkill 
12/02/03 830 1 Janes Scenic Drive Mike Owen   
12/02/03 1151 1 Janes Scenic Drive Mike Owen crossed drive from W to E, large. 
12/07/03 1555 1 Jones Grade Buddy Griner Went E to W 
01/03/04 1042 1 Janes Scenic Drive Mike Owen Crossed to S @ 4.5mi., adult 
02/15/04 1351 1   Mike Owen (045 8392,2873809), 0.36mi., 54F to Jo7. 
04/17/04 1028 2 West Main Tram Mike Owen Crossed W.Main to South 
06/08/04 820 1 Jones Grade Mike Owen   
06/08/04 948 1 Jones Grade Mike Owen Adult ran across Jones Grade to N. from S. ditch, 2.7 mi. west of SR 29 
10/30/04 905 1 Union Road Steve Houseknecht Union Rd. just south Well Grade Rd. 
01/07/05 1615 5 Jones Grade David Henley ~30' W of Stilt House Gate 
02/19/05  - 1 Janes Scenic Drive RM Heading N 
03/04/05  - 2 Big Cypress Bend Mike Owen   
04/07/05 1708 1 US-41 Mike Owen Roadkill 
07/30/05 1015 1 Janes Scenic Drive Steve Houseknecht   
12/14/05 1240 1 Jones Grade Mike Owen   
01/05/06 1739 1 Dan House Prairie Mike Owen ran across Old Pump Rd. toS 
03/06/06 1000 3 Janes Scenic Drive Jill Waisley 2 adult, 1 juv. 
04/28/06 1610 3 Janes Scenic Drive Mike Owen in puddle of S ditch, photos. 
12/20/06 1707 1 Jones Grade Mike Owen ran to SE 
03/28/07 1025 1 Janes Scenic Drive Mike Owen adult 
12/03/07 1241 1 Janes Scenic Drive Mike Owen Janes Scenic Drive 
01/20/08 759 1 State Road 29 Mike Owen Roadkill, adult 
04/05/08 1400 1 Jones Grade Bob Newbould adult 
04/16/08 1400 1 US-41 Karen Relish Roadkill, 2 ft. long, dark brown in color 
05/08/08 933 1 Jones Grade Mike Owen large, walking to E on JG 
06/02/08 800 1 Janes Scenic Drive Bob Newbould adult 
06/18/08 915 2 I-75 Mike Owen Borrow Pit Lake, W. of N-S road, adults swam to N. 
01/04/09 1738 1 Janes Scenic Drive Mike Owen crossed JSD to S, med. 
03/19/09 1640 4 Janes Scenic Drive Mike Owen crossed to N, small 
06/01/09 1900 1 Headquarters Steve Houseknecht adult, avg. size 
01/04/10 1102 1 US-41 Mike Owen Roadkill, fresh adult 
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Appendix 2. cont. 
 
Date Time Count Location Observer Description 
04/07/10 1349 1 State Road 29 Alicia Campanella Roadkill, 3 feet long, 7 lbs 
04/22/10  - 1 Janes Scenic Drive Mike Owen large male 
09/13/10 1533 5 Janes Scenic Drive Steve Houseknecht ran across JSD from e to w, all similar size, 2 were brownish/rusty. 
11/01/10 1047 1 Janes Scenic Drive Mike Owen adult, ok, walked to E ditch. 
11/13/10 1049 1 Janes Scenic Drive Mike Owen adult 
12/08/10 900 1 State Road 29 Renee Rau Healthy adult 
01/07/11 800 1 Headquarters Steve Houseknecht adult, medium size, 5 to 10 minutes.  Obs. again at 8:30AM. 
01/14/11 1741 2 Janes Scenic Drive Mike Owen ran W to E across JSD at G12, adult size, obs. from K2 gate. 
02/04/11 1600 1 Headquarters Steve Houseknecht adult, medium size. 
02/07/11 1225 1 Prairie Canal Steven Bass in pond at end of drive. 
02/27/11 -  1 Janes Scenic Drive Mike Owen adult 
03/02/11 1307 2 Janes Scenic Drive Mike Owen sub-adult, med. Size, from E to W. 
03/22/11 1920 1 Headquarters Steve Houseknecht adult, ran to SE along N edge of Fire tower pond. 
04/12/11 -  1 State Road 29 Alicia Campanella ~2' long 
05/04/11 900 1 US-41 Lisa Ostberg Roadkill, adult, freshly dead on road, ~25 ft. apart. 
05/04/11 901 1 US-41 Lisa Ostberg Roadkill, adult, freshly dead on road, ~25 ft. apart. 
06/19/11 -  1 Jones Grade Alicia Campanella large adult 
11/26/11 -  1 Janes Scenic Drive Steven Bass adult 
04/02/12 1700 1 Jones Grade Steven Bass adult, ok.  also obs. at 1930. 
04/26/12 1130 1 Jones Grade Mike Owen adult, ok, in n. ditch 1'-1.5' deep 
05/15/12 745 1 State Road 29 Steven Bass Roadkill 
06/27/12 906 4 US-41 Mike Owen 1-adult, 3-juveniles, on s. shoulder of US41 
12/03/12 1435 1 Headquarters Steve Houseknecht adult, ran to E along Coastline Dr. past the new Admin. Bldg. 	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Appendix 3.  River otter survey questionnaire.  Survey handed out to Big Cypress National Preserve and 
Fakahatchee Strand State Park staff, along with businesses that fell within or between the two parks. 
 
1. In your estimation, how many times have you visited Big Cypress National 
Preserve (BCNP) and/or Fakahatchee Strand State Park (FSSP) in the past 12 
months, or do you live or work in either of the park boundaries?  Please specify 
BCNP or FSSP. 
 
2.  Have you ever seen a river otter in BCNP or FSSP?   (circle BCNP or FSSP if 
yes) 
A. Yes   B. No (if no, then you have completed the survey, thank 
you) 
 
3. How many river otters would you estimate you saw in the last 12 months?  FSSP, 
BCNP? 
A. 0-1                B. 2-3                 C. 4-5               D. 6-7                E. 8-9                
F. 10+          
 
4. Were any of the river otters you observed road kill?  If yes, where? 
 
5. When you observe otters are they typically alone or in a group? (If you have not 
seen them in groups, please skip to 8.) 
 
6. How many group sightings have you observed, and were any of the individuals in 
the group juveniles?   
 
7. How many individuals did you observe for each group sighting?  (If you have 
observed juveniles, write down the total number of otters you have seen and then 
specify the number of adults(A) and juveniles(J)?  For example: 3 Total=1A, 2J   
 
8. What time of day are you normally in the park? (circle all that apply) 
A. Dawn to mid-morning                 B. Mid-morning to mid-afternoon     
C. Mid afternoon to dusk                 D.  Dusk to dawn 
 
9. What time of day do you normally observe river otters? (circle all that apply) 
A. Dawn to mid-morning                  B. Mid-morning to mid-afternoon                                             
C. Mid-afternoon to dusk                  D. Dusk to dawn 
 
10. Do you see river otters more often during: 
A. Wet Season             B. Dry Season             C.  Both seasons            D.  I don’t 
know 
 
11. (a)What areas of the park(s) do you typically visit, and what areas do you normally 
observe river otters?   
 
(b)Which of these areas have you seen juveniles?  
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Appendix 3.  cont. 
   
12. Approximately, how many years have you been going to the park(s)?    
 
13. From your observations, would you say that over time the otter population is: 
(circle one) 
A. Increasing            B. Decreasing            C. About the same         D. I don’t 
know 
	  
     Thank you again for filling out this survey!  Your information is 
     invaluable to me.   
 
 
 
 
 	  
